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This dissertation examines classroom interaction and two different didactic approaches 
(deductive and inductive) to the teaching of the measurement aspect of numeracy 
(measurement numeracy) to students of elementary school teacher training colleges. An 
important goal of the research is to estimate the effect of these approaches on classroom 
interaction and on student performance. Before going directly into the details of the research, 
let us first look at what measurement numeracy entails, and the challenges that teacher 
educators face. Measurement numeracy includes the following aspects: estimating measures, 
understanding relationships within the metric system, calculating with scale, and calculating 
length, area and volume. For instance, students learn how to convert units in the metric 
system, and how to calculate the size of a scale model of a living room or an airport. Do you 
remember how you learned to do that, and how your understanding grew? Let us look at a 
problem in this mathematical domain. 
 
 
The volume of a pack of lemonade is 1.5 liters. 
The pack is 7.5 cm long, and 1 dm wide. 
Calculate the height of the pack. Explain.  
 
What do you need to know, and what skills must you have, to solve these types of problem? If 
you were an elementary school teacher, and you wanted your pupils to be able to solve these 
types of problem, how would you go about it? What do teacher educators need to know, and 
what skills must they possess, to make sure they can effectively teach prospective teachers to 
solve this type of problem? If you were a teacher educator, and you wanted your students to 
be able to solve this type of problem, how would you go about it? If you were a teacher 
educator, and you wanted your students to be able to teach elementary school pupils to solve 
this type of problem, how would you go about it? While thinking about these questions, you 
could have concluded that teaching mathematics at an elementary school teacher training 
college is profoundly multifaceted. For those of you who still have doubts about the 
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complexity, a chain of competences of all teachers and learners involved is set out in the text 
box below. 
 
teacher trainers’ understanding of measurement,  
teacher trainers’ ability to solve measurement problems,  
teacher trainers’ ability to teach measurement and to guide 
prospective teachers in their learning,  
   ↓ 
prospective teachers’ ability to learn about measurement,  
prospective teachers’ understanding of measurement,  
prospective teachers’ ability to solve measurement problems,  
prospective teachers’ ability to teach measurement and to guide 
pupils in their learning,  
   ↓ 
pupils’ ability to learn about measurement,  
pupils’ understanding of measurement, 
pupils’ ability to solve measurement problems. 
 
This introduction provides a framework for this research by discussing the role of different 
instructional practices within mathematics education and their influence on students’ 
numeracy. Classroom interaction and two specific didactical approaches (inductive and 
deductive) will be discussed in more detail. Measurement numeracy is defined, and the need 
for research on classroom interaction and didactic approaches in mathematics classes within 
teacher training colleges is argued. The final paragraph gives an overview of the contents of 
each chapter in this dissertation. 
 
1.1 Measurement numeracy 
Many students, even in higher education, have difficulty keeping up with elementary school 
mathematics (Expertgroep Doorlopende Leerlijnen, 2008; National Research Council, 2001). 
This is also true for students at teacher training colleges, who are expected to teach 
mathematics to elementary school children later on. These students are more likely to perform 
worse if they lack numeracy skills (Hill, Rowan, & Loewenberg Ball, 2005). In the 
Netherlands, the numeracy entrance level of these students is measured by means of a national 
test (WISCAT). Freshmen are required to achieve a higher score than the top 20% elementary 
school pupils. An example of an item with a p-value just below the norm is: A garden is 8.4 m 
long by 5.6 m wide. What is the length and width of the garden on a map with scale 1:20? 
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Although this norm for prospective teachers seems rather low (Van Zanten & Van den Brom-
Snijders, 2007), many first-year students (25%) do not pass this test (Keijzer & Hendrikse, 
2013). Especially freshmen with MBO1 education, who accounted for 36% of the Dutch 
teacher training college freshmen between 2007 and 2012, seem to lack numeracy skills: on 
average, their WISCAT score has been 97, which is below the norm of 103 (Eggen & 
Straetmans, 2013). While for most learners it might be enough to know only one strategy to 
solve a problem, and gain only procedural knowledge, prospective teachers must also have 
conceptual knowledge of mathematics (Anderson, 1983; Hiebert, 2013). For teaching to be 
effective, a high level of professional knowledge is required, including a firm grasp of the 
mathematics itself (Ball, Thames, & Phelps, 2008; Shulman, 1986). The Royal Netherlands 
Academy of Arts and Sciences (KNAW) suggested that immediate action is required to 
improve the quality of mathematics education in Dutch teacher training colleges (KNAW, 
2009). 
Elementary school mathematics in The Netherlands encompasses the following 
domains: whole numbers, ratios, decimals, percentages, fractions, data representation 
(diagrams, tables, graphs), geometry, and measurement (Van Zanten, Barth, Faarts, Gool, & 
Keijzer, 2009). Teacher training colleges cover the same domains. Mathematics curricula in 
the United States and high-performing Asian countries have many similarities (Chen, Reys, & 
Reys, 2009), and they differ only slightly from the Dutch curriculum. Some Dutch teacher 
training colleges choose to teach numeracy and the didactics of mathematics in the same 
courses; others choose to teach those subjects separately. The teacher training college of 
Rotterdam University of Applied Science (where this research took place) has eight separate 
numeracy courses in its curriculum, in addition to the didactics courses. Although it is not 
known how teacher training students perform on different aspects of numeracy nationwide, 
the experience of the School of Education of Rotterdam University of Applied Sciences is that 
measurement is one of the aspects that leaves the most room for improvement. Also, the 
Trends in International Mathematics and Science Study (TIMSS) shows that on average, 
Dutch elementary school children score lower on measurement in comparison with their 
                                                          
1 Dutch children attend elementary school between the ages of four and twelve. After that, the elementary school 
advises children - depending on their potential - to continue their education at preparatory middle-level applied 
education (VMBO), higher general continued education (HAVO), or preparatory scholarly education (VWO). 
Many pupils with a VMBO-diploma go on to Secondary vocational education (MBO). MBO is oriented towards 
vocational training, and it takes up to four years, depending on the level of training. Holders of a level 4 MBO 
certificate may go on to higher professional education (HBO). HBO in the Netherlands (for example: the teacher 
training college) is open to graduates of MBO, HAVO, and VWO. If a student is 21 years old or older, and he 




overall mathematics score (524 versus 540 in TIMSS 2011, 522 versus 535 in TIMSS 2007) 
(Mullis, Martin, Foy, & Arora, 2012, p. 142; Mullis, Martin, Foy, & Arora, 2008, p. 120). For 
that reason, this study focuses on the measurement aspect of numeracy. In this dissertation we 
refer to measurement as the process of determining dimensions of a physical object (we will 
not capture the measurement of mental states like anxiety or happiness). In measurement 
courses, students learn to structure and quantify reality by estimating measures through 
developing personal reference measurements, by understanding relationships within the 
metric system, by calculating with scale, and by calculating length, area, and volume.  
Measurement differs from, for example, whole numbers, ratios, decimals, percentages, 
and fractions, in that there is an obvious relationship between measurement and daily practice, 
also in most text books and mathematics classes. In the past, calculations with whole 
numbers, fractions, and ratios were mostly exercised without any context (i.e.: 27 + 49 = …, 
¾ x 16 = …). Nowadays, influenced by the Realistic Mathematics Education (RME) 
movement (e.g. Gravemeijer, 1997; Torbeyns, Verschaffel, & Ghesquière, 2005; Treffers, 
1993), most educators make an effort to use contexts as the basis for learning, even for simple 
calculations. However, pupils still need to learn specific procedures (the most efficient ones), 
and they are still required to solve problems without any context. In most measurement 
problems, students need to read and interpret a context, establish a plan to find the answer, 
select the appropriate strategies, models, and/or procedures, perform the calculations, and 
formulate an answer. It would appear that one needs more and other skills for measurement 
numeracy than for other mathematical domains. This may affect instructional practices, which 
will be discussed in the next section. 
 
1.2 Instructional practices 
Over the last 50 years, mathematics education has been prone to reform. After the success of 
behaviorism (Skinner, 1938; Watson, 1925), constructivism (Dewey, 1938; Piaget, 1957; 
Vygotsky, 1926) changed mathematics education in Europe and the United States. Although 
constructivism is a theory of learning (students must build their own knowledge, i.e. it is a 
theory about what happens with learners, not with teachers), teaching also changed. Some 
would argue that this was the start of a mathematics war between traditional mathematics 
education and mathematics education reform based on constructivism. In the Netherlands, this 
new way of teaching mathematics is known as Realistic Mathematics Education (RME). 
Research shows that pure discovery learning (without any guidance) is ineffective, but guided 
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discovery (when students need it, and which can gradually be decreased as student skills 
grow) can be useful (Alfieri, Brooks, Aldrich, & Tenenbaum, 2011; National Research 
Council, 2013). In Tobias and Duffy’s Constructivist Instruction (2009), several authors from 
both sides (for or against constructivism) shed light on constructivism. Even though most 
constructivist authors think that constructivist instruction leads to better results, many believe 
that more traditional approaches may be favorable for well-structured domains like 
mathematics (Schwartz, Lindgren, & Lewis, 2009; Spiro & DeSchryver, 2009). Mayer (2009) 
states that constructivism is a theory of learning (not of teaching: there is much confusion 
about that difference in the literature), and that students’ behavior in discovery learning does 
little for learning (whereas cognitive activity does). Kirschner (2009) argues that children may 
not have the necessary skills for discovery learning, as most adults do. Clark (2009) and 
Sweller (2009) argue that children need accurate and complete demonstrations, because they 
need to imitate an expert, and Fletcher (2009) shows empirical evidence indicating that 
drilling and practicing have positive effects on student performance, that students appreciate 
this approach, and that it costs less time than discovery learning. 
Under the influence of constructivists, mathematics education shifted from teachers 
explaining (traditional teaching) how and why rules apply and how and why procedures work, 
to guiding (reform teaching) students in their individual knowledge construction, and from 
aiming for students’ procedural expertise to discovery learning that starts in informal contexts 
and allegedly allows students to acquire deeper understanding about strategies (Gravemeijer, 
1997; Kilpatrick, Swafford, & Findell, 2001). Before constructivism, the aim of mathematics 
education was to make sure students were flawlessly able to follow procedures, and to put 
them into practice in increasingly difficult problems. Constructivist ideas caused mathematics 
education to shift towards guiding students to construct meaning from their own experience, 
which emerges from interaction between students, and from meaningful and increasingly 
complex contexts. Reflection on how tasks were performed, self-regulation, cooperation with 
peers and problem-solving became increasingly important aspects of mathematics education. 
Piaget for instance believed that students do not learn enough simply from the transfer of 
information. Instead, they should construct their own knowledge (Ultanir, 2012). However, 
when students construct their own knowledge, they may also create their own misconceptions 
(VanLehn, 1990).  
In the Netherlands, RME was questioned by Van de Craats (2007) at a national 
mathematics education conference in 2007 (Panama Conference), which led to heated debates 
in the Dutch media and schools (KNAW, 2009). Empirical studies showed that the effect of 
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constructivist learning on student outcomes is not always as high as constructivists would like 
(Birenbaum & Dochy 1996), and recent empirical research on solving multiplication and 
division problems (Fagginger Auer, 2016, p. 120) suggested that “while attention to informal 
strategies may be fruitful in the earlier stages of the educational process, performance may 
benefit from a focus on standardized procedures at the end of the instructional trajectory”. 
Van Putten and Hickendorff (2006) reported the strong effect of teachers on students’ use of 
strategy in division problems, and showed that 40% of the teachers used a traditional teaching 
method, even though they worked with reform-type textbooks: the enacted curriculum often 
differed from the intended curriculum. They also showed that when compared with 1997, in 
2004, more pupils answered division problems by heart (instead of a less risky written 
calculation). Since there are strong performance differences between strategies (Fagginger 
Auer, Hickendorff, Van Putten, Béguin, & Heiser, 2016), it is likely that teachers’ didactic 
approach will affect student performance. At present, some Dutch elementary schools revert 
to mathematics textbooks that use a traditional approach. One reason for this may be the 
required high level of teacher skills: if teachers do not adequately put the RME principles into 
practice, results may suffer (Gravemeijer, Bruin-Muurling, Kraemer, & Van Stiphout, 2016). 
 The mathematics teaching of teacher educators not only has an effect on prospective 
teachers’ numeracy, it also has an effect on how prospective teachers form their ideas on how 
to teach mathematics in elementary schools. Although teacher educators might make other 
educational choices in their classes with prospective teachers than elementary school teachers 
would in their classes with pupils, teacher educators must be aware of the possibility that 
prospective teachers might see them as role models. Prospective teachers may use the teacher 
educator’s educational methods in the elementary school class. For example, how discovery 
learning (Bishop, Clopton, & Milgram, 2012; Boaler & Staples, 2008) is used in class, might 
depend on the previous knowledge of the group. While elementary school pupils might not 
possess the knowledge about what needs to be discovered, chances are that in a group of 
prospective teachers some will have various ideas on the subject, because they learned about 
it earlier. With discovery learning, perhaps possessing previous knowledge of the subject is an 
advantage, because without that, it will be difficult to discover anything.  
Besides arguing for immediate action to improve the quality of mathematics education 
in Dutch teacher training colleges, the KNAW report (2009) also states that fighting a war 
(e.g. traditional versus reform) has led us away from the heart of the matter: estimating the 
effects of specific instructional practices on student performance. There are two opposing 
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specific didactic approaches regarding mathematics teaching: a deductive approach and an 
inductive approach.  
 
1.3 The didactic factor: deductive versus inductive teaching 
Deductive reasoning is viewed as the most certain way of reasoning: if the premises are true, 
and the rules of logic are followed, the conclusion must necessarily be true. An example of 
deductive reasoning is the following: 1) the pressure of an enclosed gas is directly 
proportional to its temperature, i.e. P1/T1 = P2/T2, 2) therefore, the pressure of an enclosed gas 
increases if its temperature increases. Inductive reasoning, however, does not hold this 
certainty, it is a probabilistic type of reasoning. An example of inductive reasoning is the 
following: 1) I got a meal every day for the last five years, 2) therefore, I will probably get a 
meal tomorrow. The difference between the two types of reasoning is clear, especially if you 
think of the inductive reasoner as a turkey on the day before Thanksgiving (e.g. Bertrand 
Russel’s famous example). Although inductive reasoning is uncertain, we must still rely on it, 
because in most practical cases (for example in educational research settings: which didactic 
approach works best? Or in everyday life: should I take an umbrella with me?) we lack the 
certain laws to reason deductively.  
In a deductive mathematics class, the teacher explains a general rule, after which 
students apply the rule in different contexts (top-down teaching). For example: after 
explaining the concept of ‘area’, the teacher explains how to calculate the area of a rectangle: 
by multiplying length by width. After that, students apply the rule to calculate the areas of 
different rectangles. Inductive reasoning searches for generalizations from specific contexts, 
whereas deductive reasoning searches for applications from a generalization (Klauer, 
Willmes, & Phye, 2002). In an inductive mathematics class, the teacher introduces one or 
more contexts, after which students search for the general rule that connects similar contexts 
(bottom-up teaching).  For example:  
    
    
How many squares of 1 cm by 1 cm are in this rectangular chocolate bar?  
What is the area of this rectangle? 
If the rectangle were 3 squares in length, and 5 squares in width, what would be the area? 
If the rectangle were 2.5 squares in length, and 4 squares in width, what would be the area? 
If a rectangle were 2 cm by 6.3 cm, what would be the area? 




The deductive approach relates to traditional mathematics teaching, and the inductive 
approach relates to discovery learning. Most of us would not dispute the need for students to 
be able to apply rules in different contexts. However, despite claims that guiding students to 
rediscover rules might induce deeper understanding, not everyone believes that all students 
need to learn how to rediscover already existing generalizations (either because these 
generalizations do not require rediscovery, or because these claims have not been sufficiently 
substantiated). Besides that, most standard exams do not test for rediscovery skills. Some 
argue that bottom-up teaching is more time consuming than top-down teaching. Others argue 
that bottom-up teaching induces deeper understanding and active learning, which shortens 
instructional time in the future, and gives students advantages after they leave school 
(Schwartz et al., 2009). 
 
1.4 The factor classroom interaction 
In our aim to improve the quality of numeracy courses, other factors that correlate positively 
with student performance may also play a role. The aim of identifying these factors in the 
Netherlands is shared with many other countries, one of which being the Unites States of 
America. The National Mathematics Advisory Panel (NMAP) in the USA studied 16,000 
research reports and concluded that only a small number showed significant effects of 
instruction variables on student performance in mathematics. Positive effects on student 
performance were found in studies in which teachers keep learners productively engaged, and 
give them opportunities to help each other to learn (Slavin & Lake, 2008). Based on the 
available empirical evidence, Slavin and Lake concluded that the didactics and curricula have 
less effect on student performance in mathematics than classroom interaction between 
students and with the teacher. Although these positive effects have only been found in 
elementary schools, we expect to find the same effects in teacher colleges. After all, 
productively engaged students probably learn more than silent listeners, and sharing 
mathematical ideas and discussing them with peers and the teacher probably sharpens the 
mathematical mind of teacher college students, too. Hence, we hypothesize that improving 
classroom interaction in mathematics classes will have a positive effect on student 
performance.  
To test this hypothesis, an operational definition of classroom interaction is needed: 
how should we measure classroom interaction? Different aspects of classroom interaction 
have been distinguished. Classroom interaction can be guided in many ways: classroom 
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discussions, dialogues, discussing theorems, quizzing, allowing room for questions after 
instruction, instruction through classroom interaction, scaffolding2, asking students to develop 
test questions and discussing them, et cetera (Roefs, 2010). Classroom interaction can be 
organized in several ways, for example: in discussions involving the whole class, in smaller 
student groups where students interact with each other and where the teacher divides his time 
between groups, or in unguided student groups followed by whole class evaluation. In 
addition to these activity structures, research on classroom interaction also focused on 
classroom norms, identity, student engagement, student thinking, student argumentation, 
encouraging argumentation, animating and positioning students, re-voicing, and high-level 
questioning, but little research has been done on patterns in classroom talk itself (Pearson, 
2008). Pearson concluded that students benefit from “elevated responsive classrooms” 
(teachers who ask the right question at just the right time, who ask students to elaborate on 
their own or others’ ideas, instead of giving away the answers too soon). 
Effective mathematics teaching includes engaging students in classroom discussions 
and allowing them to share and learn about mathematical ideas and arguments on how and 
why things work, so that they learn to see things from different perspectives (Leinwand et al., 
2014). Alfieri et al. (2011) suggest that teachers should use scaffolding to guide students in 
their tasks, give timely feedback on student explanations, and/or provide worked examples. 
Conversations on content should be deep and meaningful (Alexander, 2008), in order to 
optimize chances that students will come up with fundamental ideas, big ideas. “A Big Idea is 
a statement of an idea that is central to the learning of mathematics, one that links numerous 
mathematical understandings into a coherent whole” (Charles & Carmel, 2005, p. 10). An 
example is the Big Idea of equivalence: representation of numbers and measures can be done 
in many different ways (Askew, 2013). 50% is equivalent to 1/2 and 0.5; 999 is equivalent to 
9 times 100 plus 9 times 10 plus 9 times 1, but it is also equivalent to 1 times 1000 minus 1 
times 1 (which is very helpful in multiplication by 999); 100 cm is equivalent to 10 dm and to 
1 m. Although it is sometimes more prudent to explain and evaluate, as students may not 
always make fundamental discoveries (Charles & Carmel, 2005), using students’ 
mathematical ideas in classroom interaction has proven to have a positive influence on student 
performance (Pearson, 2008). 
                                                          
2 The idea of scaffolding is to guide learners to find their own answers. The teacher simplifies a complex task by 
reducing the learner's actions to reach the solution, so that the learner does not get frustrated. The teacher 
directs the learner towards the solution without spelling it out, points out relevant elements and steers away 
from fruitless strategies, and rephrases the learner’s strategy to an ideal action (Wood, Bruner, & Ross, 1976). 
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Asking questions is one of the most obvious starting points of classroom interaction. 
The depth of the classroom interaction depends greatly on the type of questions. Consider the 
two following questions: 1) A scale model of the Statue of Liberty (scale 1:1000) is 9.3 cm 
high, what is the height of the Statue of Liberty? 2) Ashley says that a scale model of the 
Statue of Liberty (scale 1:1000) cannot be higher than a bottle of milk, what do you think 
about this? The second type of question is more likely to induce critical thinking and a deep 
discussion around mathematical ideas than the first (Nelissen, 2002). The didactic approach 
also affects classroom interaction. In an inductive approach, classroom interaction will be 
mainly about students’ ideas while they are rediscovering mathematical rules and concepts. 
Teachers ask questions like: “Are you sure about your idea, is it certain? What do you think of 
Mike’s strategy?”. In a deductive approach, classroom interaction will be mainly about 
students’ application of rules and concepts that have been explained by the teacher. Teachers 
ask questions like: “Which rule applies here, and why? How do you proceed?”.  
Research has been done on many different aspects of classroom interaction in 
mathematics classes, but analysis of classroom interaction is time consuming, so most 
quantitative research in this area uses small samples. Therefore, little is known about the 
effects of particular aspects of classroom interaction on student performance (Pierson, 2008). 
This is also true for students’ classroom interaction time (the part of classroom interaction that 
is taken up by student talk). Although Pierson coded different kinds of classroom discourse, 
estimation of the effects on student performance was done using ratios between different 
types of classroom discourse, without accounting for the time spent on the discourse, and 
without accounting for the time students talked. Since the time students talk might be an 
indicator for student engagement, which has a positive effect on student performance (Slavin 
& Lake 2008), measuring classroom interaction time differences across didactic approaches 
might shed a light on the effectiveness of these approaches.  
To this day, how types of teacher questions and classroom interaction time vary across 
didactic approaches, remains unknown. In this dissertation, the differential effects of a 
deductive versus an inductive didactic approach on classroom interaction time, on teachers’ 
question type, and on students’ measurement numeracy were estimated. Since previous 





1.5 Contents of this dissertation 
To estimate differential effects of an inductive and a deductive didactic approach on 
classroom interaction and on students’ measurement numeracy, a field experiment was 
conducted at the teacher training college (School of Education) of the Rotterdam University 
of Applied Sciences. Sample characteristics are reported in Chapter 2. After evaluating the 
dimensionality of measurement numeracy (using confirmatory factor analyses: is 
measurement only one skill, or can the four separate sub-skills mentioned in the Dutch 
mathematics knowledge base for elementary school teacher training college students be 
distinguished?), an instrument was developed to measure students’ measurement numeracy 
(Chapter 3). In Chapter 4, the development of two lesson series is reported: one with a pure 
deductive didactic approach, and one with a pure inductive didactic approach. Starting from 
literature on constructivism and traditional mathematics education, experts in the field of 
mathematics education were interviewed, and the lesson series were developed with two focus 
groups consisting of mathematics teacher educators. In Chapter 5, measurements of classroom 
interaction time and teacher question types are reported. Videotaped lessons were coded, and 
interrater reliability and a fidelity check were reported. Repeated measures ANOVA analyses 
were performed to estimate the effect of the didactic approach and the teacher on classroom 
interaction time and on the teachers’ question type. In Chapter 6, ANCOVA analyses were 
performed to estimate the effect of the didactic approach and the teacher on students’ learning 
gains in measurement numeracy. Finally, in Chapter 7 findings and limitations are reported 














This dissertation describes a) the development of a test for measurement numeracy of 
elementary school teacher training college students, b) the development, in focus groups, of 
two lessons series on measurement numeracy (one with a deductive didactic approach, one 
with an inductive didactic approach), c) the measurement of certain aspects of classroom 
interaction, and d) the effects of teachers and of the two didactic approaches on learning 
outcomes (with a pretest-intervention-posttest design).  
The research was conducted at the School of Education at Rotterdam University of 
Applied Science (RUAS). RUAS has one of 27 elementary school teacher training colleges in 
the Netherlands (27 different colleges spread over 41 separate locations in 2017). Rotterdam 
is one of the three Dutch cities with the highest immigrant percentages (around 50%, whereas 
the national mean was approximately 20% in 2017). In this chapter the samples are 
characterized. 
 
2.2 Sample characteristics 
The sample for the test development (a) consisted of 264 RUAS freshmen in the academic 
year 2013-2014 (pilot study), and 259 RUAS freshmen in the academic year 2014-2015 (main 
study). Table 2.1 shows how many of them participated in the pretest, and how many of them 
participated in the posttest.  
 
Table 2.1. Number of students (percentage of males) in pretest and posttest in 2013-2014 and 
2014-2015; Mean age in years.  
 N % male Mean age 
pilot study 2013-2014 pretest 221 18 19.7 
pilot study 2013-2014 posttest 188 16 19.7 
Main study 2014-2015 pretest 210 20 19.7 




In the academic year 2013-2014, the sample for the development of lesson series (b) consisted 
of five out of nine RUAS mathematics teachers. These five teachers, three women, and two 
men (mean age 40 years, range 33-55, with a mean teaching experience of eight years, range 
3-15), participated in two focus groups. 
The samples for the measurement of classroom interaction (c) consisted of the five 
RUAS teacher educators who participated in the focus groups, 259 RUAS freshmen, and two 
master psychology students (who coded the classroom interaction from the recorded lessons), 
in the school year 2014-2015. The sample for the main study (d) was the same as the sample 
of (c) (without the master students).  
 
2.3 Participation in pretest and posttest, and lesson attendance 
Of the total of 259 freshmen in 2014-2015, 153 participated in both the pretest and the 
posttest (see Table 2.2). Many students (94) did not participate in the posttest: 2 for personal 
reasons, and 92 because they left school between the pretest and the posttest (it is a common 
phenomenon for students to reconsider their academic career at Christmas of their first year, 
which fell between the pretest and the posttest). Reasons for not participating in the 
compulsory pretest (i.e. no motivation, ill, etc.) were not recorded. 
Table 2.2. Number of students who participated (or not) in the pretest and the posttest.  
   posttest 
   yes no total 
pretest  yes 153 57 210 
 no 12 37 49 
 total 165 94 259 
 
Teachers were pre-assigned to the 10 pre-existing student groups by the School of Education 
administration. Each of the five teachers taught two student groups, one group using a 
deductive didactic approach, and one group using an inductive didactic approach. Under these 
conditions, student groups were randomly assigned to the didactic approach, using the 
following procedure: for every teacher, one of the student groups was assigned at random (by 
flipping a coin) to either the inductive or the deductive approach. The other group would 
automatically be taught using the other didactic approach. Table 2.3 shows the number of 
students in each group, split by gender, and whether or not students participated in both the 
pretest and posttest. 
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Table 2.3. Number of students (number of males in parentheses) in each student group, for the 
153 students participating in both the pretest and the posttest (left), and for the whole sample 
of 259 students (right).  
 Made both tests Whole sample 
 Deductive Inductive Deductive Inductive 
Teacher 1 16 (0) 18 (0) 22 (3) 26 (0) 
Teacher 2 23 (0) 9 (0) 28 (0) 27 (0) 
Teacher 3 15 (8) 19 (0) 26 (11) 25 (0) 
Teacher 4 14 (6) 18 (6) 25 (11) 25 (9) 
Teacher 5 12 (2) 9 (2) 30 (9) 25 (11) 
Total 80 (16) 73 (8) 131 (34) 128 (20) 
Note: In an attempt to reduce the number of male dropouts, RUAS decided to form four student groups with only 
females, because otherwise male students would form a very small part in all groups. As a result, most male 
students were in the groups of teacher 3 (deductive), teacher 4 and teacher 5. 
 
Since the lessons were not mandatory for students, not all students attended all lessons. 
Reasons for not attending (i.e. no need, no motivation, ill, etc.) were not recorded. Attendance 
was only recorded for lessons 2, 3, and 4 (see Chapter 3). Table 2.4 shows the attendance per 
lesson. Mean attendance percentages (over the three lessons) did not differ much per 
condition (made both tests: M deductive = 60%; M inductive = 59%; whole sample: M 
deductive = 48%; M inductive = 48%), but they did differ per teacher (made both tests: M 
teacher 1 = 75%; M teacher 2 = 50%; M teacher 3 = 68%; M teacher 4 = 47%; M teacher 5 = 
56%; whole sample: M teacher 1 = 61%; M teacher 2 = 43%; M teacher 3 = 60%; M teacher 4 
= 38%; M teacher 5 = 38%). 
Table 2.4. Percentage of students attending class, per lesson, for the 153 students in both the 
pretest and the posttest (left), and for the whole sample of 259 students (right).  
 Made both tests Whole sample 
 lesson2 lesson3 lesson4 lesson2 lesson3 lesson4 
Mean % 73% 56% 50% 60% 45% 38% 
 
Figure 2.1 gives an overview of the number of students, split by a) whether or not they 
participated in the pretest, b) which didactic approach was used in the lessons, and c) whether 
or not they participated in the posttest (including the number of students who attended at least 





Figure 2.1. Number of students in the whole sample, split by pretest participation, condition, 
and posttest participation (lesson attendance in the last column)  
 
2.4 Student characteristics 
Compared to national means, the sample had substantially more immigrants, and more 
students in the sample had a previous education of MBO or lower (a successful admission test 
of students who are at least 21 years old also grants access to the teacher training college). 
Gender distribution and the mean age in the sample were comparable to the national mean 




Table 2.5. Percentage of males, mean age, percentage immigrants, and highest previous 
education for the 153 students who participated in both the pretest and the posttest (left), and 
the whole sample of 259 students (middle), compared to national numbers in 2014-2015 









% male 16% 21% 20% 
mean age 19.5 20.0 19.1 
% immigrant 29% (*) 31% (*) 12% (*) 
% highest previous education MBO or lower 44% 45% 36% 
(*) In the sample the home language was recorded. If a student spoke another language besides Dutch at home, 
the student was categorized as immigrant. In the sample of 153 students who made both tests, 35 students were 
immigrant, and 84 students spoke only Dutch at home (34 students did not answer this question). The CBS data 
included the origin of the student (a student is labelled immigrant, unless the student and both parents were born 
in The Netherlands). 
 
The mean WISCAT (a mandatory national mathematics test for elementary school teacher 
training college freshmen) score of the whole sample was 99.0. 133 students had not yet 
passed this test (the norm is 103), and 31 students had not taken this test prior to the posttest. 
This mean was substantially lower than the national mean between 2007 and 2012 (see Table 
2.6). This difference might be partially explained by the higher percentage of immigrants 
(mean WISCAT score 90.0, versus 103.0 for native students) and of MBO or lower educated 
students (mean WISCAT score 86.8, versus 108.2 for HAVO or higher educated students) in 
the sample (see Table 2.5). 
 
Table 2.6. Mean WISCAT score of students in the Netherlands participating in the WISCAT 
test for the first time, for the 153 students who participated in both the pretest and the posttest 
(left), and the whole sample of 259 students (middle), compared to national mean between 
2007 and 2012 (right) (Eggen & Straetmans, 2013).  
Made both tests Whole sample National mean between 2007-2012 
M SD M SD M 
100.9 24.9 99.0 25.7 112.9 
 
Almost half of the whole sample (45%) had MBO or lower as completed previous education 
(see Table 2.7). Almost half of the whole sample (71 out of 159 students from whom we 
recorded mathematics grades in their previous education) either did not attend mathematics 
classes in their previous education, or did not pass the mathematics exam in their previous 
education (see Table 2.8). 
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Table 2.7. Percentage of students’ and their parents’ highest previous education, for the 153 
students who participated in both the pretest and the posttest (left), and the whole sample of 
259 students (right).  
 Made both tests Whole sample 
 students mothers fathers students mothers fathers 
MBO or lower 44% 44% 42% 45% 33% 31% 
HAVO or higher 56% 25% 24% 55% 20% 20% 
unknown 0% 31% 34% 0% 47% 49% 
Note. Dutch children attend elementary school between the ages of four and twelve. After that, the elementary 
school advises children - depending on their potential - to continue their education at preparatory middle-level 
applied education (VMBO), higher general continued education (HAVO), or preparatory scholarly education 
(VWO). Many pupils with a VMBO-diploma go on to Secondary vocational education (MBO). MBO is oriented 
towards vocational training, and takes up to four years, depending on the level of training. Holders of a level 4 
MBO certificate may go on to higher professional education (HBO). HBO in the Netherlands (for example: the 
teacher training college) is open to graduates of MBO, HAVO, and VWO. If a student is 21 years old or older, 
and does not hold a VWO, HAVO, or MBO degree, a successful admission test can also grant access to the 
teacher training college. 
 
 
Table 2.8. Number of students in the sample who scored sufficiently at mathematics in their 
previous education, compared to students who did not follow mathematics classes or scored 
insufficiently, for the 153 students who participated in both the pretest and the posttest (left), 
and the whole sample of 259 students (right).
 Made both tests Whole sample 
sufficient 64 88 
no math or weak 55 71 
unknown 34 100 
Total 153 259 
 
 
2.5 Correspondences and differences between student characteristics  
In addition to describing separate student characteristics, as is shown above, relationships 
between student characteristics may shed another light on the sample. An important part of 
these relationship analyses was to find out whether or not student characteristics differed 
between the two experimental conditions and between teachers. After all, for example, if it 
were the case that 90% of the students who scored high on the pretest were taught with a 
deductive approach, it would be more difficult to compare the two conditions properly. A 
Categorical Principal Component Analysis (CATPCA) (Meulman & Heiser, 2012) was used 
to describe correspondences and differences between student characteristics. CATPCA (or: 
non-linear PCA) is a dimension reduction technique, with which students and variables can be 
represented in a low dimensional space.  
In our CATPCA, we reduced the dimensions to three. We used the student variables 
prior to the intervention as active variables. These variables were: pretest score, WISCAT 
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score, age (interval variables, which were treated as ordinal variables), student education, 
gender (dichotomous variables, which were treated as ordinal variables3), and father’s 
education, mother’s education, home language, and mathematical history (categorical 
variables, which were treated as nominal variables). The last four variables were dichotomous 
variables with a fair number of missing values. To preserve object standardization (M=0 and 
SD=1), we chose to impute a particular value (3) for missing values for these four variables, 
and to impute the mean for missing values for pretest score and WISCAT score. Outlier 
effects were diminished for the variables age (categories 16 and 17 were merged, and 
categories 31 and 32 were merged with category 29) and pretest score (scores of 27 through 
31 were merged with 26), and the large amount of different WISCAT scores was reduced by 
creating eleven categories. With CATPCA, three values (one value for each dimension) were 
calculated per student. The greater the distance between two different student points, the more 
student characteristics between those two students differ. 
As we expected, the first CATPCA dimension was a ‘missing data dimension’: a 
dimension that separated students with and without missing data (see Figure 2.2). All 
centroids of the missing data (for the variables math history, home language, mother’s 
education, and father’s education) are on the right side, and the centroids for the other values 
for those variables are all on the left. The centroids for ‘still in college’ and for ‘completed 
both tests’ are also divided between left and right, because overall, dropouts and students who 
did not make both tests took up the most part of the missing data. Figure 2.2 shows that the 
other variables scarcely loaded on this missing data dimension. This means that neglecting 
this dimension would result in minimal information loss. Therefore, we focused on the other 
two dimensions. 
                                                          
3 Treating variables with only two categories as dichotomous or ordinal makes no difference in CatPCA 






Figure 2.2. Category centroids on CATPCA dimensions 1 and 2 (N=257)  
 
Figure 2.3 shows the scores per student on the other two dimensions. The 257 points 
(standardized: M=0 and SD=1) show quite a continuous spread of student scores: there are no 
separate clusters of students, and there are no clear spaces without any students. If, for 
example, a cluster of student points were shown in the figure, that would mean that a group of 
students had very similar characteristics, and that this group differed from other students. In 




Figure 2.3. Students’ standardized scores on the CATPCA dimensions 2 and 3 (N=257)  
Note. Scores were standardized with M = 0 and SD = 1. 
Note. Two outliers were removed: one because even though the WISCAT and pretest score were extremely high, 
this student dropped out (and other student characteristics were missing); the other because the student made no 
pretest, no posttest, and no WISCAT (and did not attend any lessons). 
 
In addition to the student points, CATPCA geometrically represents categories of nominal and 
ordinal variables as centroid points in the two-dimensional space, and arrows to show the 
direction of interval and ordinal variables. Each centroid point represents the geometric center 
of the points of students with that specific student characteristic. The centroids for males and 
females are far apart (see Figure 2.4 and Table 2.10). The centroids for previous education, 
and for mathematical history are also far apart (see Figure 2.4 and Table 2.10). The age, 
WISCAT score, and pretest score arrows in Figure 2.4 represent the correlation between each 
of the three optimally scaled variables and the dimensions of the solution. The WISCAT and 
pretest arrows point in the same direction: higher scores seem to correspond with higher 
previous education and a solid mathematical background. Very young students (age 17 and 
18) seem to differ from the rest of the students (on the age arrow, 17 and 18 are close together 
in the bottom right corner, whereas the other ages are in the top left corner). The age arrow in 
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Figure 2.4 indicates that students over 18 years old often had a weaker mathematical 
background, as well as a lower education (which is to be expected, since the MBO route to 
teacher training college takes two years longer than the HAVO route). Dimension 2 seems to 
be mostly made up of pretest score, WISCAT score, previous education, and math history 
(low scores on the left, high scores on the right). Dimension 3 seems to be mostly made up of 
mother’s and father’s education (high scores at the top, low scores at the bottom). Home 
language, age, and gender seem to contribute to both dimensions. Figure 2.4 shows the 
following subgroups of students: students with a weak math history and a low previous 
education (top left); native males whose parents have a HAVO or higher education (top right); 
very young students with a HAVO or higher education and a solid math history (bottom 





Figure 2.4. Category centroids of active variables on the CATPCA dimensions 2 and 3 
(N=257)  
Note. The dimensions are combinations of variables (general umbrellas that cover a large part of a group of 
specific variables). The arrows depict the general direction of interval variables on the CATPCA dimensions. 
The numbers along the arrows are values for age, pretest score, and (categorized) WISCAT score (for example: 
on average, 17- and 18-year-old students – bottom right corner, score higher on dimension 2 and lower on 





Table 2.9. Mean pretest score and mean WISCAT score of different student categories.  
 pretest WISCAT 
male 18 114 
female 14 95 
   
>=HAVO 16 108 
<=MBO 12 87 
   
good math 17 109 
weak math 11 85 
   
both tests 15 100 
missed test(s) 14 96 
   
in college 16 106 
dropout 13 93 
   
native 16 103 
immigrant 12 90 
   
mom >=HAVO 15 103 
mom <=MBO 15 98 
   
dad >=HAVO 16 104 
dad <=MBO 13 97 
   
teacher 1 12 89 
teacher 2 13 94 
teacher 3 17 103 
teacher 4 16 105 
teacher 5 16 102 
   
deductive 15 99 
inductive 15 98 
 
To find out whether or not student characteristics differed between different student groups, 
we used five variables as supplementary variables in the same CATPCA. These variables 
were: class, teacher, condition, whether or not the student participated in both tests, and 
whether or not the student was still in college at the end of the school year (all categorical 
variables were treated as nominal). Centroids were drawn for these supplementary variables, 
but they were not used to define the two dimensions of the solution. In Figure 2.5 the same 
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solution is shown as was presented in Figure 2.4 (and in Figure 2.3), but now only the 
supplementary variables are shown, and the scale of the dimensions is different from the one 
in Figure 2.4. 
 
Figure 2.5. Category centroids of supplementary variables on the CATPCA dimensions 2 and 
3 (N=257)  
 
The centroids of both conditions were very close together (see Figure 2.5). This means that 
student groups in the two conditions did not differ much on student characteristics. The 
centroids for teacher 1 and teacher 2 (who taught groups with no males, or hardly any males) 
were separate from those of the other three teachers. Table 2.10 also shows that there was 
little difference in the pretest and WISCAT scores of the two conditions, and that there was a 
difference in these scores between teacher 1 and teacher 2 on the one hand, and the rest of the 
teachers on the other hand. Student groups 1B, 1C, 1D, and 1E (mean pretest score 13, and 
mean WISCAT score 94) seemed to differ from student groups 1F, 1G, 1H, 1I and 1J (mean 
pretest score 17, and mean WISCAT score 104). The centroid of students who were still in 
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college at the end of the school year (mean pretest score 16, and mean WISCAT score 106) 
was also at a distance from the centroid of the students who left school at or prior to the 
posttest (mean pretest score 13, and mean WISCAT score 93). The centroid of students who 
completed both the pretest and the posttest was also separate from the centroid of the students 
who missed one or both tests, but the mean scores on the pretest and the WISCAT did not 
differ very much.  
 
2.6 Conclusion 
Compared to national means, the sample had substantially more immigrants, and more 
students in the sample had a previous education of MBO or lower. The average of the sample 
students’ WISCAT scores was lower than the national average.  
In the sample, immigrants, female students, students with a previous education of MBO or 
lower, and students with a weak mathematical background scored relatively lower on 
WISCAT than native students, male students, students with a higher previous education, and 
students with a solid mathematical background. Higher WISCAT scores seemed to 
correspond with higher pretest scores, which means that, overall, students who scored higher 
on WISCAT (which measures overall numeracy) also scored higher on the pretest (the 
specific subject of measurement numeracy). 
For the intervention study, student differences between conditions and teachers were 
analyzed. Participation in the pretest and posttest, and lesson attendance were also recorded. 
Many students did not attend all lessons. Of the total of 259 students, 153 participated in both 
the pretest and the posttest. Student groups in the two conditions did not differ much on 
student characteristics. The number of students in both conditions did not differ much either. 
Students in the groups of teacher 1 and teacher 2 scored lower on the pretest and WISCAT 
than those of the other teachers. Although the bias in our sample might slightly compromise 
the external validity of our research, the internal validity of the results of the intervention 








Dimensionality of measurement numeracy 
Prospective elementary school teachers' measurement numeracy: one skill? 
 
3.1 Introduction 
Since many teacher training college students do not have all necessary basic mathematics 
skills and understanding (see Chapter 1), most teacher training colleges offer numeracy 
courses, either during or supplementary to didactics courses. The teacher training college at 
Rotterdam University of Applied Science (RUAS School of Education) chose to offer 
didactics and numeracy courses separately. Although student performance across the country 
on different aspects of numeracy is unknown, the RUAS experience is that measurement is 
one of the aspects that leaves the most room for improvement. Since it is also true that Dutch 
elementary school children score lower on measurement than on other aspects of mathematics 
(Mullis et al., 2012; Scheltens et al., 2013), this study focuses on the measurement aspect of 
numeracy. In this chapter we will refer to the measurement aspect of elementary school 
numeracy as ‘measurement numeracy’. We will not capture the measurement of mental states 
like anxiety or happiness; we will refer to measurement numeracy as the ability to reason with 
the length, area, volume, or weight of physical objects. We did not find a shared 
conceptualization of measurement in the literature. In the Dutch knowledge base for 
elementary school mathematics teachers (Van Zanten et al., 2009), four different 
measurement numeracy sub-skills are mentioned: estimating measures, understanding 
relationships within the metric system, calculating with scale, and calculating length, area 
and volume. These four sub-skills, along with time and money calculus and the ability to use 
and interpret results from measurement instruments (Treffers, de Moor, & Feijs, 1994), are 
also the measurement base for Dutch mathematics elementary school textbooks (Huitema et 
al., 2011) and for Dutch teacher trainer college textbooks (Gravemeijer et al., 2007; Van den 
Heuvel-Panhuizen & Buijs, 2004). In TIMSS (Mullis & Martin, 2013), measurement and 
geometry are conceptualized together. The sub-domain geometric measurement contains the 
following topic areas: estimate lengths, areas and volumes, and select and use appropriate 
measurement formulas for perimeters, circumferences, areas, surface areas, and volumes. 
Converting units in the metric system is not mentioned separately in the TIMSS 
conceptualization, and ratio (scale) is mentioned in the number domain. Chen et al. (2009) 
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showed that although there are differences in topic weight and learning expectations within 
the measurement strand, curricula in de US and high-performing Asian countries have many 
similarities.  
To guide students in their efforts to improve their measurement numeracy, we need to 
know what this concept entails: is it an umbrella over the above mentioned distinguishable 
sub-skills, or is it just a single skill? Does measurement numeracy have more than one 
dimension, and if so, how do the underlying sub-skills relate to each other? If measurement 
numeracy boils down to a single skill, teachers do not need to differentiate between different 
sub-skills. On the other hand, if it encompasses more than one skill, students may be good at 
one sub-skill and poor at another, which would have consequences for didactics in the 
classroom, for testing students and diagnostics, and for determining goals for every single 
sub-skill related to the importance of any of them. Understanding of the dimensionality of 
measurement numeracy is also important for research in this domain. After all, if 
measurement numeracy has more than one dimension, all underlying sub-skills must be 
identified and operationalized. 
Although there is a long tradition of dividing measurement numeracy into different 
aspects (Treffers, 2015), we did not find any previous research on the dimensionality of 
measurement numeracy. Hence, little is known about whether distinguishing between the four 
above mentioned different sub-skills is justified. The goal of this study is therefore to 
determine whether estimating measures, understanding relationships within the metric 
system, calculating with scale and calculating length, area, and volume reflect one and the 
same skill, or if they are indeed separate skills. In this study we answer the following research 
questions: 1) Do estimating measures, understanding relationships within the metric system, 
calculating with scale and calculating length, area, and volume reflect one and the same 
student skill, or do they reflect separate student skills? 2) To what extent do the distinguished 
measurement numeracy sub-skills correlate with each other? 
 
3.2 Method 
To answer the research questions, we analyzed students’ answers (before and after a course on 
measurement numeracy) to test items that were supposed to measure the alleged sub-skills. 
We used a pilot study and a main study. The pilot study was conducted to test the quality of 
the test items and to find out whether or not the four hypothesized factors could be identified. 
In the main study, we did not include items for the sub-skill estimating measures, because that 
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factor could not be identified in the pilot study (see the results section of the pilot study). We 
used items with a high item-total correlation to maximize reliability, and items varying in p-
value for differentiation purposes. The purpose of the main study was to find out whether or 
not the four hypothesized factors could be identified, and the extent to which these factors 
correlate with each other.  
 
3.2.1 Research groups 
The research group for the pilot study consisted of all RUAS freshmen (N=264), of which 221 
students participated in the pretest (181 women, 82 %). The mean age of the sample at pretest 
was 19.7 years (range 17-29, SD 2.2). Of these freshmen, 188 participated in the posttest (157 
women, 84 %). Their mean age at posttest was identical. The research group for the main 
study (a year later) consisted of all RUAS freshmen (N=259), of which 210 freshmen 
participated in the pretest (169 women, 80 %). Their mean age at pretest was 19.7 years 
(range 16-32, SD 2.5). 165 freshmen participated in the posttest (137 women, 83 %). Their 
mean age at posttest was 19.5 years (range 17-31, SD 2.2). Since the tests were compulsory 
for students, most of them participated in the pretest. Not all students participated in the 
posttest, as some of them left school between the pretest and the posttest. 
 
3.2.2 Instruments and procedures  
To find out whether measurement numeracy should be viewed as one skill or a set of four 
sub-skills, test items have been developed for all four sub-skills (i.e. hypothesized factors). 
The items concerning understanding relationships within the metric system form the factor 
understanding relationships within the metric system, the items concerning calculating with 
scale form the factor calculating with scale, et cetera.  
For the pilot study, we created six subtests (A1, A2, B1, B2, C1, and C2) of 24 items 
(six items per sub-skill, a total of 144 unique items). Each subtest was taken by an average of 
74 students in the pretest and by an average of 63 students in the posttest. Students in the pilot 
study took two subtests in the pretest, and two other subtests in the posttest. 
The structural model of the main study (see Figure 3.1) shows that items 1-10 were 
selected from the pilot study items for the factor understanding relationships within the metric 
system, items 11-20 were selected for the factor calculating with scale, and items 21-30 were 
selected for the factor calculating length, area, and volume. For every sub-skill there were 
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five unique items in the main study pretest, five unique items in the posttest, and five items 




Figure 3.1. Structural model of measurement numeracy in the main study, with factor 
correlations (pretest correlations above, posttest correlations below)  
Note. Metric is short for understanding relationships within the metric system, scale is short for calculating with 
scale, and area is short for calculating length, area, and volume. The factor estimating measures was not 





Table 3.1. Item examples per hypothesized sub-skill.  
Estimating measures (in the tests we included a picture per item): 
Estimate the size of the stairway step.  
Estimate the volume of the standard household bucket. 
 
Understanding relationships within the metric system: 
0,034 km = ……………… dm  
450 are    = ……………… m². 
 
Calculating with scale: 
The distance from Rotterdam to Paris is 450 km. My map has a 
scale of 1: 3,000,000. How many cm is the distance from Rotterdam 
to Paris on my map? Explain. 
On my map the area of the living room is 5 dm². In real life the area 
of the living room is 45 m². Explain how you find the scale that was 
used for my map. 
 
Calculating length, area, and volume: 
The area of a rhombus is 16 dm². One diagonal is twice as long as 
the other. Determine the size of the diagonals, and explain. 
The volume of a pack of lemonade is 1.5 liter. The pack has a length 
of 0.75 dm and a width of 1 dm. Calculate the height of the pack, 
and explain. 
 
Items were ordered in two different ways, to diminish item fatigue correlation: in the first 
version the items were ordered from 1-34, in de second version the item ordering was 31-34, 
then 21-30, then 11-20, and then 1-10. Tests were distributed in such a way, that students with 
the same version of the test did not sit next to each other. Students were not aware that half of 
the pretest items would also appear on the posttest. Also, when students took the posttest, they 
did not know how they had performed on the pretest, and they were given no opportunity to 
see their test until after the posttest, as we wanted to minimize the chance that they would 
remember some items. We also thought that students might not take the posttest seriously if 
they knew that they already passed the pretest. Teachers were also kept in the dark about 
pretest results, as we did not want them to use that knowledge in the course that was taught 




3.2.3 Data analyses 
Measurement numeracy construct validity was determined using confirmatory factor analyses 
(CFA) on the pretest and posttest of both studies. These CFAs showed us the extent to which 
the data supported the theoretic model that was the basis for the test construction. Using the 
CFAs, we could verify whether or not the items that were supposed to measure a certain sub-
skill did indeed reflect only that sub-skill, and not another measured sub-skill (Thompson, 
2004) as well, and whether four different sub-skills, or less than four, could be identified. We 
used the program Mplus (Muthén & Muthén, 2013) for the CFAs. The CFAs were performed 
using the WLSMV estimation method (Weighted Least Squares parameter estimates with 
robust standard errors and Mean and Variance) because the items were scored dichotomously 
(Brown, 2006). We tested the nested models using a .05 significance level. Since the CFAs 
were carried out using WLSMV, the nested models could not be compared by creating a χ2-
test by subtracting χ2-values and degrees of freedom. For that reason, model fits were 
compared using the Difftest option in Mplus. These model fits were compared using three 
different fit indices. We used χ2 to verify if the models fit. Since the χ2 sensitivity to sample 
size is too strict for most social research (MacCallum, Browne, & Sugawara, 1996), the Root 
Mean Square Error of Approximation (RMSEA) and Comparative Fit Index (CFI) were also 
used. RMSEA is an absolute fit-index used to determine how well a model fits the data. CFI is 
also an absolute fit-index, but also an incremental fit-index used to determine the relative fit 
improvement over a nested model with uncorrelated variables. 
We determined the model fits for 4-factor models in the pilot study. To see if a 4-
factor model fits better than a 1-factor model, i.e. to ascertain whether we can distinguish four 
different sub-skills or only one skill, we also determined model fits for 1-factor models for 
pretest and posttest data. As these two models are nested, we could also test if a model with 
more factors fits significantly better than a model with only one factor. If this is not the case, 
we should choose the most parsimonious model: the 1-factor model. If a factor was 
unidentified, i.e. if almost none of the items loaded on the predetermined factor, a new model 
would be fitted without the unidentified factor. In that case we also determined whether or not 
this new 3-factor model fit significantly better than a 1-factor model. In the main study, we 






3.3.1 Results of the pilot study 
The pilot study showed that the factor understanding relationships within the metric system, 
the factor calculating with scale and the factor calculating length, area, and volume could be 
identified, and that the factor estimating measures could not be identified. Over half (52 %) of 
the items that were supposed to measure the estimating measures sub-skill did not load 
significantly on the factor, and the item loadings of the items that did load significantly on 
that factor were rather low (mean .54, SD .15) (See Appendix).  
Since 4-factor models did not fit, we removed the estimating measures items and 
tested whether or not a 3-factor model fit the data better than a 1-factor model. Table 3.2 and 
Table 3.3 illustrate the model fit indices of 3-factor models and 1-factor models for the pilot 
study pretest and posttest (without the estimating measures items). We see that Χ2 was 
significant for some of the subtests. Since the χ2 sensitivity to sample size is too strict for most 
social research (MacCallum et al., 1996), we looked at RMSEA and the difference between 
CFIs (ΔCFI) of the two models. The model fit is good if the RMSEA value is smaller than 
.05, fair if it lies between .05 and .08, mediocre if it lies between .08 and .10 and poor if it is 
bigger than .10 (Hu & Bentler, 1999; MacCallum et al., 1996). If the difference between the 
CFIs of two nested models is bigger than .02, we assume the second model is worse (Cheung 
& Rensvold, 1999). All but one RMSEA values were below .08, and ΔCFI of the two models 
was higher than .02 for all but one subtests (see Table 3.2 and Table 3.3). These RMSEA and 
ΔCFI values suggest that a 3-factor model fits fairly, and it fits significantly better than a 1-
factor model. This leads to the suggestion that understanding relationships within the metric 






Table 3.2. Model fit of 3-factor models and 1-factor models for the pilot study pretest (without 
estimating measures items), and difftest to determine if a 3-factor model fits significantly 
better than a 1-factor model.  












A1 73 .978 .340 .026 .967 .281 .011 .093 
A2 72 .985 .292 .031 .890 .001 .095 <.001 
B1 71 .877 .002 .075 .822 <.001 .055 <.001 
B2 77 .763 <.001 .088 .742 <.001 .021 .013 
C1 77 .990 .342 .025 .948 .033 .042 <.001 
C2 72 1.000 .643 <.001 .967 .090 .033 <.001 
 
 
Table 3.3. Model fit of 3-factor models and 1-factor models for the pilot study posttest 
(without estimating measures items), and difftest to determine if a 3-factor model fits 
significantly better than a 1-factor model.  












A1 65 .821 .074 .053 .752 .027 .069 .004 
A2 58 .868 .113 .053 .762 .020 .106 .002 
B1 59 .801 .022 .067 .752 .007 .049 .040 
B2 61 .957 .073 .057 .917 .005 .040 <.001 
C1 64 .996 .467 .009 .934 .264 .062 .018 
C2 69 .779 .023 .062 .511 <.001 .268 <.001 
 
3.3.2 Results of the main study 
Table 3.4 shows that that Χ2 for the 3-factor model is significant for the pretest and the 
posttest. We looked at RMSEA, CFI, and the difference between CFIs (ΔCFI) of the two 
models. Overall, a model fit is fair if CFI ≥ .90, and good if CFI ≥ .95 (Bentler, 1992; Hu & 
Bentler, 1999).  
 The 3-factor model fit of the pretest was fair (RMSEA=.064, CFI=.925) and the 3-
factor model fit of the posttest was good (RMSEA=.035, CFI=.950). The 3-factor model fit 
was better than a 1-factor model fit in the pretest (ΔCFI=.079) and the 3-factor model fit was 





Table 3.4. Model fit of 3-factor models and 1-factor models for the pretest and posttest of the 
main study, and difftest to determine whether or not a 3-factor model fits significantly better 
than a 1-factor model.  












pre 210 .925 < .001 .064 .846 < .001 .079 < .001 
post 165 .950 .004 .035 .910 < .001 .040 < .001 
 
 
Factor correlations among the three identified factors were between .55 and .83. Correlations 
were slightly higher in the posttest than in the pretest (see Table 3.5). Factor loadings for all 
items were significant (see Table 3.6 and Table 3.7). In confirmatory factor analyses, any 
particular item’s factor loading is estimated for one factor only (i.e. the sub-skill the item is 
supposed to measure). The other factor loadings were constrained to be zero (see the empty 
entries in Table 3.6 and Table 3.7). 
 
Table 3.5. Factor correlations of the main study 3-factor model.  
model F2-F1 F3-F1 F3-F2 
pre .55 .59 .76 
post .72 .69 .83 






Table 3.6. Factor loadings main study pretest 3-factor model.  
Item Item-ID F1 F2 F3 
1 B2_7 .52   
2 C1_7 .67   
3 A1_8 .79   
4 C1_8 .78   
5 C2_9 .97   
6 C1_10 .75   
7 B1_11 .71   
8 B2_11 .36   
9 A1_12 .81   
10 B1_12 .90   
11 B1_13  .86  
12 A2_13  .92  
13 A1_14  .72  
14 B1_14  .80  
15 C1_15  .85  
16 C2_15  .83  
17 C2_16  .81  
18 C1_16  .85  
19 B1_18  .76  
20 C2_18  .85  
21 C1_19   .34 
22 C1_20   .66 
23 B2_20   .89 
24 B2_21   .69 
25 C1_21   .64 
26 C1_22   .75 
27 A1_22   .88 
28 A2_23   .77 
29 B2_24   .65 
30 C1_24   .67 
Note: all loadings were significant. 
Note: the empty entries in this table are factor loadings that were constrained to be zero.  
Note: the item-ID’s show the correspondence to the pilot items, i.e. item-ID B2_7 is the 7th item of subtest B2. 
Note: pretest items 1, 3, 6, 8, 9, 12, 13, 16, 17, 20, 23, 24, 27, 28, and 29 were anchor-items, which corresponded 




Table 3.7. Factor loadings main study posttest 3-factor model.  
Item Item-ID F1 F2 F3 
1 B2_7 .67   
2 A1_8 .55   
3 A2_8 .81   
4 B2_9 .62   
5 B2_10 .76   
6 C1_10 .75   
7 B2_11 .63   
8 C1_11 .43   
9 A2_12 .69   
10 A1_12 .78   
11 A2_13  .73  
12 C1_13  .66  
13 C2_14  .71  
14 A1_14  .68  
15 C2_15  .74  
16 B1_15  .65  
17 A2_16  .52  
18 C2_16  .79  
19 C2_17  .69  
20 C2_18  .33  
21 B2_20   .45 
22 C2_20   .65 
23 B1_21   .72 
24 B2_21   .79 
25 A1_22   .73 
26 B1_22   .77 
27 B2_23   .59 
28 A2_23   .74 
29 B2_24   .65 
30 A1_24   .81 
Note: all loadings were significant. 
Note: the empty entries in this table are factor loadings that were constrained to be zero.  
Note: the item-ID’s show the correspondence to the pilot items, i.e. item-ID B2_7 is the 7th item of subtest B2. 
Note: pretest items 1, 3, 6, 8, 9, 12, 13, 16, 17, 20, 23, 24, 27, 28, and 29 were anchor-items, which corresponded 
with posttest items 1, 2, 6, 7, 10, 11, 14, 15, 18, 20, 21, 24, 25, 28, and 29. 
 
 
The reliability of the summed scores of the ten items per factor were determined using KR-20, 
the binary items variant of Cronbach’s alpha (Cronbach, 1951). For group level research, as in 
this study, a reliability of .70 is good (Field, 2009). The reliability of the summed scores of 
the ten items per factor were good (see Table 3.8), which means that the measurement of the 





Table 3.8. Reliability of the main study item sets (10 items for metric, scale and area sub-
skill).  
 N Metric Scale Area 
pre 210 .854 .909 .831 
post 165 .727 .743 .809 
Note: Since the items are binary, we ran KR-20 (Kuder-Richardson 20) analyses. 
 
3.4 Conclusion 
Understanding relationships within the metric system, calculating with scale, and calculating 
length, area, and volume do not reflect one and the same student skill, they reflect 
distinguishable student sub-skills. The hypothesized factor estimating measures could not be 
identified. This means that this study could not identify estimating measures as a 
distinguishable student sub-skill. From Table 3.5 we can conclude that the overlap in 
explained variance (squared factor correlations) was between 30% (F2-F1, pretest) and 69% 
(F2-F3, posttest), which could raise questions about whether or not the three sub-skills are 
really distinguishable student sub-skills. However, since a 3-factor model fit the data 
significantly better than a 1-factor model in both the pretest and the posttest, we can conclude 
that these three factors in fact reflect separate student sub-skills. This means that it may be 
beneficial to differentiate between these sub-skills in testing and in mathematics classes. 
 
3.5 Discussion 
The correlation between the factor calculating with scale and the factor calculating length, 
area, and volume (.83 in the posttest, so about 69% overlap in explained variance) is rather 
high. The reason for this high correlation may be that students need to come up with a model 
from the context and perform calculations for items of both of these factors. By contrast, 
students did not have to calculate anything (apart from powers of ten) for the understanding 
relationships within the metric system items. Since the factor correlations of the factor 
understanding relationships within the metric system with the other two were lower (30% – 
52% overlap in explained variance), it seems important to teach and test this sub-skill 
separately. The correlations between factors were slightly higher in the posttest than they 
were in the pretest. This could be explained by posttest results of a student subset that worked 
very hard on one or two of the aspects for which they scored lower on the pretest than they 
did for the other aspect. 
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Many textbook items within the measurement domain test several sub-skills 
simultaneously . For example: if we ask for the volume in liters of a pack of apple juice when 
we know that the pack is 7.5 cm long, 10 cm wide and 20 cm high, we test whether or not 
students are able to calculate the volume, and at the same time whether or not students are 
able to convert measures within the metric system. Although students must eventually be able 
to combine these sub-skills when answering questions, this study shows that these two sub-
skills are distinguishable skills. This finding could be an argument for testing these sub-skills 
separately. One could also choose to use cognitive diagnosis models, with which sub-skills 
can be separately measured in tests with items that test several sub-skills at a time (Henson & 
Douglas, 2005). 
The results of this study show that understanding relationships within the metric 
system, calculating with scale and calculating length, area, and volume are separate student 
sub-skills. This is what we would expect, as these sub-skills are traditionally mentioned 
separately (Treffers, 2015), for example in the Dutch knowledge base for elementary school 
mathematics teachers (Treffers, de Moor, & Feijs, 1994; Van Zanten et al., 2009), and in 
Dutch teacher trainer college textbooks (Gravemeijer et al., 2007; Van den Heuvel-Panhuizen 
& Buijs, 2004). However, we were unable to verify that estimating measures is a separate 
student sub-skill. The reason why we were unable to identify this factor might be that we used 
rather small sample sizes in the pilot study (an average of 68 students per subtest), and that we 
used dichotomous scoring (we did not analyze how far off estimations were, if they were 
false). However, since half of the items did not load significantly on the factor, and most 
factor loadings were low (on average lower than .4, see Appendix), the possibility that 
estimating measures is a factor after all, is small. Another reason might be that we tested the 
estimation sub-skill with different categories of items: weight, length, area and volume. 
Perhaps it would require the use of other strategies, knowledge and skills to estimate within 
these different aspects. Which skill is needed to estimate the length of a classroom, the 
volume of a trunk, or the weight of a bicycle? It might not be safe to assume that students 
answer these questions using one and the same strategy (i.e. think of a reference measure and 
compare it with the object that requires estimation). Morewedge and Kahneman (2010), 
showed that information that just happened to pop into the mind of a student (like a previous 
item), might have a larger effect on the answer than the information teachers believe to be 
relevant. If a previous item contains information about a car that weighs 1200 kg, students’ 
estimate of the weight of a bicycle will be higher than it would be if the previous item 
contains information about a pack of sugar that weighs 1 kg. "Anchoring effects occur when a 
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judge considers a possible value of a quantity before judging that quantity: the final estimates 
are assimilated to the anchor. There is direct evidence that associative processes are involved, 
and that the anchor selectively retrieves compatible information" (Morewedge & Kahneman, 
2010, p. 437). It might also be that estimating measures is not a student skill at all, and that a 
student’s answers to these items are determined by other aspects, such as personality 
(inclination to exaggerate or underestimate). Furthermore, a student’s life experience might be 
a factor in the estimation process: the bicycle repair man’s daughter is likely to correctly 
estimate the height of a bicycle wheel because of her experience with bicycles, and the 
baker’s son is likely to correctly estimate the weight of a loaf of bread. If estimating measures 
is a separate student sub-skill, we would have found shared variance in the analyses of student 
responses, but we did not. Therefore, it might be wise to consider changing how we teach 
students to estimate measures and how we test students on the way they estimate measures.  
A limitation of this study is that we only measured the responses of students of the 
Rotterdam School of Education, and not those of other students or elementary school pupils. 
Nevertheless, this study is a first step towards creating theory around the dimensionality of 
measurement numeracy. This study could be an example for teachers who would like to know 
whether they are measuring separate skills with their tests. We conclude that further research 
is needed on what estimating measures is about and how it correlates with other sub-skills 
within the measurement aspect of numeracy. We recommend verification of whether 
estimating measures is one skill, or a subset of sub-skills (for example measuring length, 
measuring area, measuring volume, and measuring weight) under a large sample of 
elementary school pupils (age 10-12) and prospective elementary school teachers, preferably 
from different countries, a large item pool for students and pupils to estimate the measures of 
length, area, volume, and weight, and enough variation in item sequence to prevent anchoring 
effects. After that, we recommend a study of the correlation between possible measuring 







Development of the lesson series on measurement  
Classroom interaction in a deductive and in an inductive approach 
 
4.1 Introduction 
Since Slavin and Lake (2008) conclude that the didactics and curricula4 have less effect on 
student performance in mathematics than classroom interaction between students and the 
teacher has (see Chapter 1), we hypothesize that improving classroom interaction in 
mathematics classes will have a positive effect on student performance.  
Classroom interaction can be guided in many ways: classroom discussions, dialogues, 
discussing theorems, quizzing, allowing room for questions after instruction, instruction 
through classroom interaction, scaffolding, asking students to develop test questions and 
discussing them, et cetera (Roefs, 2010). Traditional mathematics education suggests a 
deductive approach to this interaction, where students are taught how and why rules and 
procedures work: a rule is explained and a procedure is modeled, before students apply this 
procedure in different contexts and discuss how they used the rule or the procedure (Van de 
Craats, 2007). Interaction in this deductive approach is mostly vertical (between students and 
the teacher). The Realistic Mathematics Education movement (RME), however, suggests an 
inductive approach to this interaction, where students are guided in their joint reinventions of 
mathematical insights: a realistic context is chosen as a playground for discovering 
mathematical procedures and rules (Treffers, 1993). Although the teacher introduces the 
context and guides the reinvention process, in this inductive approach, interaction about the 
mathematical context is mostly horizontal (between students). 
The purpose of this study is to describe the development of lesson series on 
measurement for prospective elementary school teachers using both approaches: one with a 
                                                          
4 Didactics are concerned with how to learn and teach, and with what teachers and learners 
should be doing in class. A curriculum states what is to be learned and taught, and in which 
order. Both can either be fixed, or process oriented (Gravemeijer & Terwel, 2000). In process 
oriented didactics, teachers may choose to change the way they teach depending on what they 
believe to be educational needs of a specific group or learner, whereas in fixed didactics 
teachers stick to the chosen didactics (teachers need to change didactics to suit learners, 
versus learners need to learn things the way they are taught). In a process oriented curriculum, 
teachers may choose to elaborate on certain topics that emerge from classroom discussions or 
daily news, whereas in a fixed curriculum teachers stick to the pre-defined (order of) topics. 
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pure deductive and another with a pure inductive approach to classroom interaction. Another 
aim is to learn what the consequences are of rigorously following guidelines belonging to 
each of the approaches when developing these lesson series with either a deductive or an 
inductive approach. In the next two paragraphs we will discuss background information on 
classroom interaction, on both the deductive approach and the inductive approach, and on 
measurement. 
 
4.1.1 Background on classroom interaction 
Nowadays an increasing number of teachers encourage and assist students to share their ideas 
and to explain them, instead of leaving it solely up to teachers to provide explanations. 
Pierson (2008) found strong correlations between using 7th grade students’ ideas in 
mathematics class and their gain scores on mathematics tests. It is however unlikely that 
students will always be able to come up with big ideas (Charles & Carmel, 2005) and solve 
problems on their own. Sometimes it is more efficient for teachers to give information, and to 
evaluate responses (Pierson, 2008). 
One way to engage students is by asking them questions. Nelissen (2002) defined two 
types of questions: 1) check questions (i.e. reproduction questions like “how many cm in a 
dm?”, evaluative questions like “are we clear on this?”, diagnostic questions like “think out 
loud”); 2) stimulating questions (i.e. induce critical thinking “explain why”, induce reflection 
“are you sure?”). In the past, classroom interaction was limited to teachers asking questions 
and students answering them; in the last 50 years, cooperation and the more exhaustive 
collaboration methods emerged in classrooms. In a collaborative environment, students 
engage in each other’s mathematical ideas (Staples, 2007). For this engaging to be fruitful, 
teacher focus on mathematically significant aspects of students’ solution strategies is essential 
(Stein et al., 2008), because without that focus students might miss the essence of what they 
are expected to learn (Brown & Campione 1994; Deci & Chandler, 1986; Leeman, 
Wardekker, & Majoor, 2007). Stein et al. (2008) introduced a set of five key practices for 
using student responses in classroom interaction, in order to enrich the mathematical learning 
of the whole class: (1) anticipating likely student responses to cognitively demanding 
mathematical tasks, (2) monitoring students' responses to the tasks during the explore phase, 
(3) selecting particular students to present their mathematical responses during the discuss-
and-summarize phase, (4) purposefully sequencing the student responses that will be 
displayed, and (5) helping the class make mathematical connections between different 
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students' responses, and between students' responses and key ideas (like the idea that scale 
calculations as well as relationships within the metric system can be viewed as ratios, and that 
ratio tables can be used in both contexts). Van Eerde (2008) summed up the following skills 
for guiding classroom interaction: observing students, asking questions and responding to 
students in a mathematically deepening manner, non-verbally stimulating classroom 
interaction, stimulating student reflection, stating what has been learned (at the end of and 
during lessons), offering different types of guidance, and developing social and mathematical 
standards. 
A typical deductive approach to classroom interaction on mathematics starts with a 
mathematical problem and the teacher explaining why a rule applies and how and why a 
procedure for solving the problem works. Next, the teacher uses modeling: he follows the 
procedure to solve the problem while quizzing several students (i.e.: “Lucy, which step of the 
procedure should I take next?”). After this, students solve a different problem using the 
explained procedure, and finally the teacher asks a few students to explain how they solved 
the problem, and gives them feedback on how they did. In a deductive approach, students 
engage primarily on the mathematical ideas of the teacher, and not or much less on the ideas 
of peers. 
A typical inductive approach to classroom interaction on mathematics starts with a 
context (for example: a city map) and with the teacher challenging students to mathematically 
explore this context, and to explore, usually in small groups, a mathematical problem that 
follows the exploration (Lampert, 2001) (for example: discuss in your group how you can 
estimate the scale of this city map). Next, different approaches to solve the problem (and not 
just the teacher’s approach, as is the case in the deductive approach) are explained by students 
in a whole class discussion. Finally, students solve a different problem using their choice of 
one of the discussed procedures, and the teacher asks different students to explain how they 
solved the problem. 
 
4.1.2 Background on measurement 
Measurement education in elementary schools and in teacher training colleges in The 
Netherlands entails learning to estimate measures by developing personal reference 
measurements, understanding relationships within the metric system, learning to calculate 
length, area and volume, and learning to calculate with scale (Van Zanten et al., 2009). 
Students need to learn to structure and quantify reality, and therefore they need to be able to 
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estimate. The estimation skill requires students to have a sense of number and measurement, 
and reasoning skills (Lang, 1999). Students must have an idea of their own height and weight, 
of what the area of a football field or a tray is, and of what the volume of a soda can or a bath 
tub is. They must also be able to relate those measures (references) to other objects, so they 
can, for example, deduce what a good estimate for the length of a tree might be. Besides 
estimation, students must be able to fully grasp relationships in scale contexts (how high is the 
26-meter building in the scale model, scale 1 to 500?) and those between different metric 
system measures (how many centimeters in 4 meters, how many liters in 5 m3?). Furthermore, 
students must be able to calculate area and volume of specific two and three-dimensional 
figures, such as (compositions of) cuboids, beams, rectangles, and triangles. 
If students only learn how to follow procedures without grasping the essentials of the 
system, things can go wrong. A student might think: “One can calculate an area by 
multiplying length by width. A circle has no length and width, therefore a circle has no area” 
(De Moor, 1999, p. 429). De Moor emphasizes the importance of adding background 
information on procedures and links with different contexts. The idea is for students to build 
their own personal network of meaning, references and relationships between measures, 
through classroom discussions and research activities (Gravemeijer et al., 2007, p. 55). An 
example of such an activity and discussion is to try to identify an error in argumentations such 
as: “2 m by 52 cm gives an area of 104” (Gravemeijer et al., 2007, pp. 39-40) and to try to 
determine the volume of a 3 mm high pool of milk on the floor with an area of five pieces of 
paper (Gravemeijer et al., 2007, p. 52). 
 
Research questions 
We expected teachers to encounter some difficulties if we asked them to strictly follow 
guidelines belonging to the deductive approach, because we believe student involvement 
decreases when a teacher always explains the procedures. That would have a deteriorating 
effect on the quality of classroom interaction, which would probably have a negative effect on 
student outcomes (Slavin & Lake, 2008). We searched for ways that would keep students 
productively engaged while holding on to the deductive approach, and to prevent students 
from memorizing procedures without understanding them, for example by focusing on critical 
judgement and flexibly applying procedures (Star, 2007). We also expected teachers to 
encounter some difficulties if we asked them to strictly follow guidelines belonging to the 
inductive approach, because students do not always come up with big ideas (Pierson, 2008), 
and because we believed that the students would ask the teacher to explain the procedures 
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instead of trying to discover them for themselves (Gravemeijer, 1994). We also took into 
account that teachers must have a deep mathematical knowledge for teaching (Gravemeijer, 
1994; Silverman & Thompson, 2008), in order to appropriately respond to students’ ideas, 
and a deep pedagogical content knowledge (Shulman, 1986; Van Driel, 2008), in order to 
guide the inductive classroom interaction. We searched for ways to hold on to the inductive 
approach, even though students might demand a deductive approach. The research questions 
that will be answered in this chapter are: 1. What do experts and elementary school 
mathematics teacher educators believe to be a pure deductive approach to classroom 
interaction in a measurement lesson series for prospective elementary school teachers? 2. 
What do experts and elementary school mathematics teacher educators believe to be a pure 
inductive approach to classroom interaction in a measurement lesson series for prospective 
elementary school teachers? 3. What are the consequences of rigorously following guidelines 
for a deductive approach or an inductive approach? 
 
4.2 Method 
We used a systematic step-by-step approach to develop two series of five lessons. First, the 
practical framework and design requirements for the lessons series were set (Van Aken & 
Andriessen, 2011). The design of both the deductive and the inductive approach began with 
the (Rotterdam School of Education) course objectives: the student is able to estimate sizes 
using reference measures, convert between units and prefixes in the metric system, calculate 
with scale, and perform calculations of length, area and volume with triangular and 
rectangular 2D and 3D figures. Example exercises for each aspect are shown in Table 4.1. 
Five 50-minute lessons were scheduled for this course per student group, and each student 




Table 4.1. Example exercises for each aspect.  
aspect example exercises 
estimation What is the length of a standard stair step?  
What is the weight of a sandwich?  
 
conversion 0.034 km = ... dm  
450 are = ... m2 
 
 
scale The distance from Rotterdam to Paris is 450 km. My map has a scale 
of 1: 300,000. Calculate the distance from Rotterdam to Paris on my 
map in cm. Explain.  
The area of the living room is 5 dm2 on the map. In reality, the area 
of the living room is 45 m2. What is the scale of the map? Explain.  
 
calculation The area of a rhombus is 16 dm2. One diagonal is twice as long as 
the other. Calculate the length of the diagonals of the rhombus. 
Explain. 
 
The volume of a pack of lemonade is 1.5 liters. The pack is 0.75 dm 
long, and 1 dm wide. Calculate the height of the pack. Explain. 
 
Next, structured interviews were conducted with experts on what they believe to be a pure 
deductive and a pure inductive approach to classroom interaction in a measurement lesson 
series for prospective elementary school teachers, and what they believe teachers and students 
should be doing in both approaches. We interviewed an expert (PhD) in the field of 
mathematics education – specifically in the field of measurement – for elementary schools 
and for teacher training college with a preference for inductive education (expert 1), an expert 
(professor) in mathematics with a preference for deductive mathematical education (expert 2), 
and a retired elementary school mathematics teacher educator (expert 3). Next, two 
PowerPoint blueprints and teacher manuals were developed, and subsequently discussed with 
two focus groups of mathematics teacher educators (with questions like: do you think this 
lesson is purely deductive / inductive? What do you think of the classroom interaction? Which 
questions should the teacher ask? How should the teacher respond to student ideas?), then 
revised and the answers discussed again with the focus groups. The last step was a final 
revision with supervisors, to fully exclude inductive elements from the deductive approach 
and vice versa.  
We chose to conduct focus groups (one to develop the inductive approach, and one to 
develop the deductive approach), because members would be more likely to challenge each 
other to think more deeply about their answers than they would in one on one interviews, and 
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also because the pursuit of consensus and unambiguous answers was important (Bryman, 
2012). The same five elementary school mathematics teacher educators participated in both 
focus groups: three women, and two men (mean age of 40 years, range 33-55, mean teaching 
experience of eight years, range 3-15). The focus groups’ moderator was one of the 
researchers. After the lesson series had been taught, interviews were conducted with the five 
focus group members (they all taught one group using the deductive approach and one group 
using the inductive approach) to find out what they believed to be pros and cons with respect 
to the two approaches. The teacher's preference for a deductive or an inductive approach was 




In this section we will describe the results of the interviews with experts and focus groups, 
and present the schematic version (the full version is available from the author) of the 
PowerPoint sheets for two series of five lessons with teacher manuals. The teacher manual 
contains guidelines for tables setting, lesson start, recap of the previous lesson, lesson goals, 
main topic introduction, questions to be asked, student tasks including the group size, 
responses to students' remarks, and how to evaluate lesson objectives. 
 
Results of the interviews with experts – deductive approach 
All three experts advised us to use plenary modeling in the deductive approach. This means 
that the teacher should demonstrate, step by step, how to use a procedure to complete a 
mathematical task and explain how and why the procedure works. The purpose of modeling is 
that students are able to apply the general procedure in various contexts. The teacher must ask 
questions to keep students engaged. After modeling, students should proceed to independently 
applying the procedure to various problems of increasing difficulty. According to the three 
experts, the interaction in this approach must be vertical.  
 
Results of the interviews with experts – inductive approach  
For the inductive approach, the experts’ advice was to start by introducing a realistic context 
that is familiar to students, with a mathematical problem; students must come up with 
solutions to that problem that can be generalized to procedures. According to the three 
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experts, the interaction must be mostly horizontal in this approach. The teacher should guide 
discovery by using scaffolding in such a way that students are able to continue discovering by 
themselves. If the teacher uses an inductive approach, he should not explain his own solution; 
instead he should guide students in their thinking processes. The teacher should also 
encourage students to ask each other questions like: "How would you approach this problem? 
Why do you think this approach is useful?".  
 
4.3.2 Results of the focus group meetings 
Both focus groups agreed upon the following: 
Start each lesson with a warm-up activity to create the focus on the subject of the lesson. 
After that the lesson plan and the lesson objectives must be addressed, and at the end of each 
lesson the teacher should check whether or not the lesson objectives were achieved. The focus 
groups recommended using illustrative images and materials (for the deductive approach to 
clarify the procedure, and for the inductive approach to clarify the context). For the inductive 
approach, they also recommended encouraging students to keep asking each other questions 
until a clear procedure was articulated. In the deductive approach, the teacher must 
continuously ask students questions until they have clearly articulated a solution for the 
problem in which they have used the explained and modeled procedure. Table 4.1 shows the 
teachers' (focus group members’) own preferences for a deductive or an inductive approach 
for each mathematical aspect. Teacher1 and Teacher3 have a clear preference for the 
inductive approach, while the other teachers’ preferences vary per aspect. The teachers' 
preference for the inductive approach is most pronounced for the aspects estimating and scale, 
while preferences for the other aspects vary per teacher. For the main study, a dichotomous 
variable mismatch between the teacher’s preference and the didactic approach was added for 
each of the three lessons. The value of the variable would be 1, only if the deductive approach 
was used in the lesson and the teacher’s preference was inductive, or if the inductive approach 
was used in the lesson and the teacher’s preference was deductive. Recommendations which 





Table 4.2. Teacher’s didactic approach preference per mathematical aspect.  
 Teacher1 Teacher2 Teacher3 Teacher4 Teacher5 
metric I I D D I/D 
scale I I I/D I I/D 
area D I  I/D D I 
Note. “I/D” means: no preference for an inductive or deductive didactic approach. Lesson 2 topic was metric, 
lesson 3 topic was scale, and lesson 4 topic was area. 
 
 
Results of focus group meetings – deductive approach (first round). In the deductive 
approach, the focus group suggested teachers should encourage students to participate in 
interactive instruction in which the teacher demonstrates step by step how to use a procedure 
to complete a mathematical task and explains how and why this procedure works. This 
approach follows Ausubel’s suggestion to confront students directly with procedures instead 
of guiding their discovery (Woolfolk, 2010). The teacher should ask questions during 
instruction to create engagement (following the above ideas mentioned by Nelissen (2002)), 
depending on the specific student’s understanding. Students should then individually apply 
the explained procedure to other tasks, the teacher should ask students to share and explain 
their answers, and the teacher should correct the explanations and answers until they are 
precise and clear. This approach follows 1) the Vygotski (1926) premise that students can 
reach the zone of proximal development in interaction with an expert, but not with peers; 2) 
Deci and Chandler’s (1986) ideas regarding an increasing chance of reaching teachers’ 
objectives by vertical interaction rather than horizontal interaction; and 3) the idea that a focus 
on horizontal interaction and self-discovery jeopardizes the development of appropriate 
knowledge and competences (Leeman et al., 2007). In the deductive approach, teachers must 
introduce procedures, and interaction is mostly vertical. The focus group suggests a U-shaped 
classroom table setting to encourage vertical interaction. Table 4.2 shows what the focus 




Table 4.3. Focus group advice for the deductive approach.  
aspect what the teacher should do what the students 
should do 
estimation The teacher explains and 
models the following 
procedure for estimating 
sizes: choose an appropriate 
reference, determine how 
many reference objects fit in 
the object for which the size 
needs to be estimated, and 
finally, give the estimate in 
the appropriate standard 
measure. 
Students participate in 
interactive instruction 
and apply the explained 
procedure to estimation 
problems. 
conversion The teacher explains the 
structure of the metric 
system, and models how 
measures can be converted 
by means of a step model 
((2.3 m = 23 dm = 230 cm = 
2300 mm). Using the 
Multibase Arithmetic 
Blocks, the teacher explains 
how many 1 cm2 blocks fit 
on 1 dm2, and how many 1 
cm3 blocks fit in 1 dm3. 
Students participate in 
interactive instruction 
and apply the explained 
procedure to conversion 
problems. 
scale The teacher explains and 
models how to use a ratio 
table to carry out scale 
calculations. 
Students participate in 
interactive instruction 
and apply the explained 
procedure to scale 
problems. 
calculation The teacher explains and 
models how to carry out 
length, area and volume 
calculations with triangular 
and rectangular 2D and 3D 
figures. 
Students participate in 
interactive instruction 








Results of focus group meetings – inductive approach (first round). In the inductive approach, 
the focus group suggests that students should participate in interactive instruction in which the 
teacher introduces a context with a mathematical task for which small groups of students 
should come up with procedures and explain them to group members. Although Vygotski’s 
ideas (1926) about needing an expert to learn can be an argument for a deductive approach, 
this inductive approach follows the Vygotski (1926) premise that students learn through 
discovery in interaction with the social environment, albeit guided by the teacher. These 
procedures should also be convenient for similar mathematical tasks. Student groups should 
discuss their procedures; the teacher should walk around and ask questions to foster deeper 
discussions (following the ideas of Nelissen (2002)) and to make sure the pros and cons of 
each procedure are discussed. This approach embraces the suggestion that deeper 
understanding of (the use of) procedures (De Moor, 1999) should be emphasized.  
If students cannot come up with adequate pros and cons, the teacher should encourage 
students to think more deeply, for example, by providing examples where procedures might 
not work properly. If students cannot grasp the essence of the lesson, the teacher should use 
scaffolding to guide students towards discovering suitable procedures (i.e. the teacher can 
give hints to help students come up with ideas). Next, the teacher should ask students to share 
and explain their ideas, and ask other students to respond, so that students can individually 
select their preference for a procedure. The focus group advised that the classroom table 
setting should facilitate groups of four, to encourage horizontal interaction. Table 4.3 shows 






Table 4.4. Focus group advice for the inductive approach.  
aspect what the teacher should do what the students 
should do 
estimation The teacher shows pictures 
of objects for which the size 
needs to be estimated, 
challenges students to 
explain their estimation 
procedure, walks around and 
asks questions to deepen 
horizontal interaction. 
Student groups discover 
the need for reference 
measures and how to 
use them to estimate 
sizes. 
conversion The teacher asks students to 
explain the structure of the 
metric system by analyzing a 
ruler, and to think of a model 
with which measures can be 
converted. The teacher walks 
around and asks questions to 
deepen horizontal 
interaction. 
Student groups discover 
the structure of the 
metric system (using a 
ruler and the Multibase 
Arithmetic Blocks) and 
a procedure to convert 
measures. 
scale The teacher shows a map of 
the approximate 
surroundings and asks 
students to come up with a 
model to carry out scale 
calculations. The teacher 
walks around and asks 
questions to deepen 
horizontal interaction. 
Student groups discover 
a procedure for scale 
calculations. 
calculation The teacher shows examples 
of triangular and rectangular 
2D and 3D figures, and asks 
students to come up with a 
procedure to carry out length, 
area and volume calculations 
with these figures. The 
teacher walks around and 
asks questions to deepen 
horizontal interaction. 
Student groups discover 
a procedure to carry out 
calculations of length, 
area and volume of 
triangular and 






Results of focus group meetings (second round). In the second round with the focus groups, 
we discussed the two revised PowerPoint blueprints and teacher manuals. After the first 
round, the metric system was covered in lessons two and three, and the estimating sizes aspect 
was covered in the first three lessons (length in the first lesson, area in the second, and volume 
and weight in the third). In the second round, the focus group believed that less time was 
needed for the metric system aspect. Furthermore, the focus group believed it was best to 
cover the estimating sizes aspect for all measures (length, area, volume and weight) in the first 
lesson, because they believed estimating sizes is the basis for grasping the other measurement 
aspects. We agreed upon the following: lesson series should contain primarily one aspect per 
lesson (i.e. estimate sizes using reference measures, convert between units and prefixes in the 
metric system, calculate with scale, or carry out calculations of length, area and volume on 
triangular and rectangular 2D and 3D figures), and in the fifth lesson time should be planned 
to discuss a practice test. Finally, the teachers in the focus group asked for expected student 
answers to the questions they were going to be asked during the lessons, as is suggested by 
Stein et al. (2008). 
While developing the deductive approach, we wrote down the whole procedure, from 
A to Z, because our purpose was to make sure students followed the teacher procedure 
exactly. We wrote down questions for the teacher to ask during class, aimed at making 
students formulate, in their own words, how they followed the procedure. If students came up 
with their own procedures, teachers should respond with a short reflection on that procedure 
(is it any good?), and remind students that they should learn to apply the teacher procedure 
first. In the deductive approach, teachers should ask students who already understand the idea, 
to work on assignments that require them to apply the procedure (in increasingly difficult 
contexts that are more diverse than assignments for the regular group). Teachers should then 
ask these students to re-join the group for the evaluation phase, during which teachers should 
ask them to elaborate more deeply on their ideas, encouraging them with questions like: ‘are 
you certain?’ and ‘why is this correct?’. 
 
4.3.3 Results of the final revision 
In the final revision, we aimed at fully excluding inductive elements from the deductive 
approach and vice versa. We found that some of the instructions still left too much room for 
interpretation. In the deductive version, we added extra steps to procedures, to make sure the 
procedure could completely be modeled without assuming students would all take certain 
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steps in the same way. For example: the modeling of the procedure to convert between units 
and prefixes in the metric system was fine-tuned as follows:  
 
Question: 2.3 hm = … dm? 
Step 1: Determine which prefixes lie between one and the other, and list them all in a row (the 
smallest prefix on the left). 
… dm  … m  … dam  2.3 hm 
Step 2: With every step to the left, the unit is ten times as small, so the number is ten times as 
large. Fill in the numbers. 
2,300 dm 230 m  23 dam  2.3 hm 
Step 3: Answer the question. 
2.3 hm = 2,300 dm. 
 
In the inductive version, we added instruction for teachers on how to proceed if students did 
not come up with procedures, and on how to respond to questions like: teacher, could you 
please model the procedure for us? We instructed teachers to use scaffolding in case students 
did not come up with procedures. We did not want the teacher to explain the procedure, 
because that would be a deductive approach. We told teachers to use scaffolding and to avoid 
directing students in one direction. For example:  
Student: “Please explain how to calculate the area of this triangle.” 
Teacher: “What seems to be the problem?” 
Student: “I do not know how to calculate the area of this triangle.” 
Teacher: “Is there another triangle for which you do know how to calculate the area?” 
Student: “Yes, for a triangle like this one” (student draws a right-angled triangle). 
Teacher: “How do you calculate the area of that right-angled triangle?” 
Student: (draws a rectangle around the triangle) “It is half of this rectangle”. 
Teacher: “Is there a way to use that knowledge in this problem?” 
55 
 
Student: “Perhaps I can draw a rectangle around this triangle, too…” 
Teacher: “Please try that with your group, and I will come to see you guys later on.” 
 
4.4 Discussion 
In this study on developing lesson series on measurement with classroom interaction 
guidelines for prospective elementary school teachers, we learned about possible 
consequences of rigorously following guidelines for either a deductive approach or an 
inductive approach.  
For the deductive approach, the experts and focus groups in this study suggest to use 
the Van de Craats approach (2007): the teacher should encourage students to participate in 
interactive instruction (Slavin & Lake, 2008) in which he demonstrates step by step how to 
use a procedure to complete a mathematical task and explains why the procedure works. 
Students should apply the explained procedure individually in other tasks; the teacher should 
ask students to share and explain their answers and correct the explanations and answers until 
they are precise and clear (De Moor, 1999; Star, 2007; Van Eerde, 2008).  
For the inductive approach, the experts and the focus groups in this study suggest the teacher 
should encourage students to participate in interactive instruction (Slavin & Lake, 2008) in 
which he introduces a context with a mathematical task, for which small groups of students 
should find solutions (Lampert, 2001; Treffers, 1993). After discussing several solutions, 
student groups should come up with general procedures. The teacher should guide student 
groups in their interaction amongst themselves to discover general procedures for 
calculations. He should ask students to share their ideas and to explain them, and asks other 
students to respond (Pierson, 2008; Van Eerde, 2008), so that students can individually select 
their preference for a procedure. The nature of and time spent on horizontal interaction and 
vertical interaction differs between the approaches: in the inductive approach classroom 
interaction on discovery is mostly horizontal, while in the deductive approach classroom 
interaction on how students apply a procedure is mostly vertical. 
In the development of the deductive approach, we assumed that students’ engagement 
in classroom interaction regarding how students used the teacher’s procedure (Van de Craats, 
2007), would not always be optimal. We anticipated that by instructing teachers to use 
different kinds of questioning, depending on individual student’s level of understanding. In 
the development of the inductive approach, we assumed that students would not always be 
able to discover suitable procedures themselves (Charles & Carmel, 2005; Pierson, 2008) and 
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that students would ask for explanations (Gravemeijer, 1994) instead of engaging with each 
other’s mathematical ideas (Staples, 2007). We anticipated that by instructing teachers to use 
scaffolding and different kinds of questioning (Brown & Campione 1994; Deci & Chandler, 
1986; Leeman, Wardekker, & Majoor, 2007; Stein et al., 2008).  
Because a deductive lesson series contains step by step teacher explanations of 
procedures, we expected students to be able to flawlessly use those procedures in 
recognizable contexts. Because an inductive lesson series contains possibilities for students to 
discover procedures, we expected students to learn not only about these procedures, but also 
about unstructured problem-solving and to learn how to respond to other students’ ideas. In 
follow-up research, we want to find out what it is exactly that separates students who were 
taught deductively from those who were taught inductively. Will student outcomes differ 
between the two groups? Which types of problems would we expect to be solved more easily 
by the first or second group of students? Which types of students are more likely to profit 
from a deductive or an inductive approach?   
In this study, we focused on a short lesson series of five lessons. If the deductive 
approach is applied over a longer period, teachers could choose to elaborate more on certain 
aspects in order to deepen students’ procedural knowledge (Star, 2007). If the inductive 
approach is applied over a longer period, teachers might not need to revert to scaffolding as 
quickly as is suggested in this study. Teachers could then make room for student elaborations 
on other aspects of mathematics (or even other subjects) as well, because the time spent on 
these subjects or aspects is not lost time.  
Another limitation of this study, is that we interviewed only two experts in the field of 
mathematics education, and that the focus groups members were all teacher educators of one 
specific teacher college. We did not ask teacher educators of other teacher colleges, nor did 
we ask elementary school teachers to participate in the focus groups. 
In this study, we developed lesson series for prospective elementary school teachers, a 
different population than elementary school pupils. Since the future teachers already had 
previous understanding of measurement, chances are that they would be more likely to be able 
to (re)discover procedures, and to come up with different kinds of procedures, than could be 
expected of elementary school pupils.  
The focus groups’ reflections after teaching the courses were that students seemed to 
vary in approach preference, and that they seemed to be more engaged in the inductive 
approach. Discussions in the inductive approach were time-consuming, and focusing on 
certain topics without explaining procedures proved to be challenging (some students kept 
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asking the teacher to explain the appropriate procedure, which could result in a deductive 
approach). For some convenient procedures (with scale and the metric system), a deductive 
approach might be better, because the efficiency gains seem higher than would be the case 
with a guided discovery.  
In practice, most teachers use their own personal mixture of the two (or other) 
approaches. The focus group reflections suggest that teachers should consider student and 
group characteristics and the specific topic when they build their own personal mixture of 
inductive and deductive approaches to classroom interaction, and switch approaches 
accordingly. When a teacher chooses an inductive approach and students keep asking for 
procedures and teacher explanations, it is probably wise to shift approaches, or at least to 
initiate a class discussion about how certain topics should be addressed (although students’ 
learning habits should not be a leading argument: they might profit from a shift in teaching 
approach). When a teacher chooses a deductive approach and students do not seem to be able 
to transfer an explained procedure to another context, it might be a good idea to focus more 
on student ideas, thinking and reasoning.  
Teachers who choose a deductive approach must be able to explain how and why 
procedures work, to deepen students’ procedural knowledge, and to anticipate and address 
misconceptions. For an inductive approach, teachers need to have a solid teaching and 
mathematics background, because it is more complex to guide students’ reinventions and 
appropriately respond to their ideas than it is to explain procedures with which the teachers 
already are familiar. Furthermore, if students do not have a basic idea about the topic that is to 
be discussed in an inductive approach, they probably have an insufficient basis for self-
discovery. Teachers who choose an inductive approach should also have a deep pedagogical 
content knowledge to guide the inductive classroom interaction into calm and clear waters 
instead of into chaos and insecurity. Teachers should therefore consider their personal 
teaching preferences and competences, and teacher educators should teach future teachers 
how to use both approaches in their teaching, using either a deductive or an inductive 









Effects on classroom interaction 
Contrasting didactic approaches and teacher effects 
 
5.1 Introduction  
In the previous chapter, the development of two different types of lesson series on 
measurement for prospective elementary school teachers are described: one with a pure 
deductive and one with a pure inductive approach. In the next two chapters, a quasi-
experiment, with which the teacher effect and the didactic approach effect are estimated, is 
described. This chapter reports the measurement of certain aspects of classroom interaction, 
and the difference between classroom interaction in these two didactic approaches. 
Traditionally, a more deductive approach was popular; where teachers explain how to solve a 
mathematical problem and students are asked to use these methods in similar problems. 
Recent research on the effect of instruction types on learning outcomes, shows that there are 
circumstances in which giving examples on how to solve mathematical problems might work 
better, or is at least more time efficient, than inductive teaching and learning (Klahr, 2009; 
Sweller, Kirschner & Clark, 2007). 
Mathematics reform in the last decades, however, propagates discovery learning, with 
a more inductive approach, where students are guided in their efforts to come up with their 
own solutions to mathematical problems. Mayer (2004) argued that guiding students is 
important, since there is a lack of evidence that unguided discovery learning has a positive 
effect on learning outcomes. Alfieri et al. (2011) conclude from their meta-analyses on 
discovery learning, that guidance, in the form of asking students to explain their ideas, and 
using scaffolding and feedback on students’ ideas, has positive effects on learning outcomes.  
Slavin and Lake (2008) conclude that, compared to the didactics and curricula, classroom 
interaction between students and the teacher has more effect on student outcomes in 
mathematics.  
Since there are many forms of classroom interaction, promising types need to be 
identified. We are also interested in the relationship between the type of teacher questions and 
classroom interaction. Nelissen (2002) distinguishes two question types: controlling questions 
and stimulating questions. Controlling questions are meant to check whether or not students 
know and understand that which they are supposed to, and to find out what students think (to 
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battle misconceptions). Examples of controlling questions are: how many cm are there in one 
m? What is the next step in the procedure? Stimulating questions are meant to induce 
students’ reflection and critical thinking. Examples of stimulating questions are: can you find 
a strategy to solve this problem? Can you explain why your solution is accurate? What do you 
think about Mandy’s solution? 
The first aim of this study is to discover whether teachers ask other questions when 
they use an inductive didactic approach than when they use a deductive didactic approach. 
The second aim of this study is to identify the extent to which classroom interaction time 
differs between the two approaches. Since classroom interaction between the students and the 
teacher depends largely on the teacher (even though teachers are instructed to use a certain 
approach, there are still many choices to be made during class), the effect of teachers on 
classroom interaction is also estimated. Since the circumstances (for example: the 
mathematical aspect, or the part of a lesson which is measured) might also affect classroom 
interaction and the teachers’ question type, classroom interaction changes and question type 
changes between lessons, and between different parts of lessons, are also recorded. 
The research questions that will be answered in this chapter are as follows: 
1. To what extent does the inductive didactic approach induce more or fewer stimulating 
teacher questions compared to the deductive approach?  
2. To what extent does the inductive didactic approach induce more or less classroom 
interaction time compared to the deductive approach?  
3. To what extent do teachers differ in the type of questions they ask?  
4. What effect does the teacher have on classroom interaction time?  
5. How does the type of teacher questions change over lessons, and over quarters of 
lessons? 





Classroom interaction time and type of teacher questions were measured for ten different 
groups of Rotterdam School of Education students, that had 259 students at the start (see 
Chapter 2). Two male and three female teachers participated. Their mean age was 40 years 
(range 33-55), and their mean teaching experience was eight years (range 3-15). 
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To measure classroom interaction, three lessons for each of the ten (pre-existing) groups (1A 
to 1J) of prospective elementary school teachers were recorded on video. Teachers were pre-
assigned to student groups by the school administration. Five teachers all taught one group 
with an inductive didactic approach, and one group with a deductive didactic approach (see 
Table 5.1). Under these conditions, student groups were randomly assigned to the didactic 
approach, using the following procedure: for every teacher, one of the student groups was 
assigned at random (by flipping a coin) to either the inductive or the deductive approach. The 
other group would automatically be taught using the other didactic approach. 
 
Table 5.1. Distribution of student groups to teachers and teaching approach, with initial 
number of students per group, percentage male students, and number of students present per 
lesson.  









1A teacher1 deductive 22 14 20.3 17 18 15 
1B teacher1 inductive 26 0 20.5 19 9 10 
1C teacher2 inductive 27 0 21.1 17 15 10 
1D teacher2 deductive 28 0 19.5 19 9 8 
1E teacher3 inductive 25 0 19.3 20 17 14 
1F teacher3 deductive 26 42 20 16 18 12 
1G teacher4 deductive 25 44 20.5 14 12 10 
1H teacher4 inductive 25 36 19.6 16 14 4 
1I teacher5 inductive 25 44 19.6 8 9 5 
1J teacher5 deductive 30 30 19.5 16 16 12 
 
5.2.2 Materials 
To measure changes between different parts of lessons, every lesson was divided in two-
minute slots. Every lesson took no more than 52 minutes. To measure classroom interaction 
time, the number of seconds of student talk in every slot was counted. Student talk was 
defined as: one (or more than one) student talks about the mathematical subject at hand (while 
the teacher is silent). To measure the teachers’ question type, every specific teacher question 
was characterized as either a controlling question or a stimulating question (Nelissen, 2002). 
The number of times each type of question was asked were compared in every two-minute 
slot. If one was more than twice the other, that type was coded, otherwise, the coding was 
‘equal’ (coding: 0 for controlling, 1 for equal, 2 for stimulating). If no questions were asked, a 
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9 was coded, and if the lesson had not started yet or had finished, there was no coding (coded 
as ‘missing’). 
Coding. The coding was carried out by two independent coders (psychology master students). 
Ten lessons were coded by coder1, ten lessons were coded by coder2, and ten lessons were 
coded independently by both coders (for the estimation of interrater reliability). For the 
lessons for which two coders coded, the averages of the coders were used in the analyses. The 
coders were trained how to do the coding. After that, each coder coded an example video 
individually, which was then discussed in detail to maximize interrater reliability. 
Interrater reliability. Interrater reliability for classroom interaction time coding was analyzed 
using the intraclass correlation coefficient (ICC) (Shrout & Fleiss, 1979) with the data for the 
ten lessons coded by both coders. We used a two-way mixed model (because both coders 
coded all the slots in these ten lessons), and tested for absolute agreement, because we wanted 
to know whether one coder coded higher overall than the other (a simple correlation does not 
account for a coder who always codes higher than another). The ICC was estimated with an F-
test, using (N-1) and (N-1)*(K-1) degrees of freedom (Shrout & Fleiss, 1979, p. 424), where N 
= number of slots (198), and K = number of coders (2). The ICC for the average coding was 
.91 (F(197,197)=11.48, p<.001) (see Table 5.2), which can be interpreted as ‘almost perfect’ 
(Landis & Koch, 1977). The reliability of the coding of the lessons that were coded by a 
single coder (p’), instead of two coders, can be estimated using the Spearman-Brown formula 
(p' = np / (1 + (n-1)p), with n=0.5), which is the same as the Single Measures ICC(3,1) (.84) 
in Table 5.2 (Warrens, 2017). 
 








Single Measures .84a .79 .88 .000 
Average Measures .91c .89 .93 .000 
Note. Two-way mixed effects model where slot effects are random and coder effects are fixed.  
a. The estimator is the same, whether the interaction effect is present or not.  
b. Type A intraclass correlation coefficients using an absolute agreement definition. 
c. This estimate is computed assuming the interaction effect is absent, because it is not estimable otherwise. 
 
Interrater reliability for the question type coding was analyzed using Cohen’s kappa (Landis 
& Koch, 1977) with the data for the ten lessons coded by both coders. Kappa was .39, even 
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though coders were trained and had a supervised extra meeting to compare and discuss coding 
practices. Since this is only a fair reliability, a third coder (the researcher) also coded the 
videos. There were 260 slots to be coded (10 lessons times 26 time-slots). Table 5.3 shows 
that all coders agreed 48 times that there was no lesson (class had not started yet, or class had 
already ended) or no questions were asked, and they agreed 101 times about the coding of the 
question type. At 17 time-slots, there was no agreement between any of the coders. At 7 slots, 
coder 1 and coder 2 agreed. At 47 slots, coder 1 and coder 3 agreed. At 40 slots, coder 2 and 
coder 3 agreed. Cohen’s kappa for the second and third coder was .56 (see Table 5.4). 
Cohen’s kappa for the first and third coder was .65, which signifies a substantial reliability 
(Landis & Koch, 1977). The coder 2 data for question type were therefore removed from the 
analysis, and the third coder also coded the other ten lessons individually. The reliability of 
the question type coding for which there was only one coder, was calculated using the 
Spearman-Brown formula, using n=0.5: it was .48. 
Table 5.3. Consistency between coders.  
 N % 
No consistency at all 17 7 
Consistency between coder1 and coder2 7 3 
Consistency between coder1 and coder3 47 18 
Consistency between coder2 and coder3 40 15 
Consistency between all three coders 101 39 
Consistency between all three coders: no lesson 48 18 
Total 260 100 
 
Cohen’s kappa was also calculated separately for the inductive and the deductive approach, 
and this shows that coders disagreed more about coding in the inductive approach, in which 
more stimulating questions were asked. Apparently, the disagreement between coders lies in 




Table 5.4. Consistency between coders for question type coding – Cohen’s Kappa per 
approach and for totals.  
 deductive inductive total 
Coder1 – Coder2 .50 (N=99) .21 (N=98) .39 (N=197) 
Coder1 – Coder3 .64 (N=100) .49 (N=98) .65 (N=198) 
Coder2 – Coder3 .62 (N=102) .45 (N=107) .56 (N=209) 
Note. Coder2 data were replaced by coder3 data. 
Intervention. Teachers taught their classes using prescribed PowerPoint presentations and the 
instruction manuals for either the inductive or the deductive didactic approach (see chapter 4). 
Fidelity check. As a fidelity check (the degree to which teachers taught the classes the way 
they were supposed to), three aspects were measured: 1) whether or not a sheet was discussed 
(per sheet from the prescribed PowerPoint presentation), 2) whether or not the prescribed 
questions were asked (on the sheets that were used), and 3) whether the discussions and 
questions could be qualified as deductive or inductive. Discussions or questions were coded 
as deductive if a procedure to solve a mathematical problem was explained by the teacher (as 
the procedure students should follow), and they were coded as inductive if the procedure was 
shared by a student. Table 5.5 shows that all teachers, except for teacher 4, followed the 
instructions for teaching quite well. Teacher 4 had some difficulty using PowerPoint, and 
chose to use another method instead, while complying reasonably with the instructions for the 
inductive and deductive didactic approach. 
 
Table 5.5. Percentage of teacher behavior as instructed (fidelity check).  
 Teacher1 Teacher2 Teacher3 Teacher4 Teacher5 
Sheet is discussed 91% 88% 96% 56% 83% 
Questions on presented sheet  
have been asked 91% 91% 100% 81% 97% 
Questions and discussions  
deductive/inductive 100% 86% 98% 74% 98% 
 
 
5.2.3 Data analyses 
A repeated measures ANOVA was performed to find the effects of condition (the inductive 
and deductive didactic approach) and teacher on classroom interaction time (see research 
questions 1, 3, and 5). Another repeated measures ANOVA was performed to find these 
effects on the type of questions the teacher asks (see research questions 2, 4, and 6).  
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Since the use of many slots in the repeated measures analysis creates a lot of contrasts 
between those slots that are difficult to interpret, the classroom interaction time data and the 
question type data were averaged to quarter lesson data. For lessons with a number of slots 
that could not evenly be divided among four quarters, slots were distributed to quarters as 
follows: if, for example, there were 15 coded two-minute-slots in one lesson, the first quarter 
would be the average value of the first 4 slots, the second quarter would be the average of the 
slots 5-8, the third quarter would be the average of the slots 9-12, and the last quarter would 
be the average value of the slots 13-15 (see Table 5.6). If, for example, one quarter had 5 slots 
with question type values 0;0;0;1;1, the quarter average for this question type would be 0.4. 
 
Table 5.6. Distribution of slots to quarters, for different numbers of coded slots per lesson.  
number of slots 
in one lesson quarter1 quarter2 quarter3 quarter4 
15 slots mean(slot1-4) mean(slot5-8) mean(slot9-12) mean(slot13-15) 
16 slots mean(slot1-4) mean(slot5-8) mean(slot9-12) mean(slot13-16) 
17 slots mean(slot1-5) mean(slot6-9) mean(slot10-13) mean(slot14-17) 
18 slots mean(slot1-4) mean(slot5-9) mean(slot10-14) mean(slot15-18) 





5.3.1 Between-groups effects 
Research questions 1 and 2. In the deductive approach, the teacher questions were mainly of 
the controlling type (M=0.22), and the average time one or more students talked in one 120 
seconds time-slot was 48 seconds. In the inductive approach, the teacher questions were 
mainly of the stimulating type (M=1.50), and the average time one or more students talked 
was 62 seconds (see Table 5.7, and Table 5.8). The inductive approach induced significantly 
more stimulating questions (F(1,4) = 377.15, p < .001, partial η2 =.99) (see Table 5.9), and 
significantly more classroom interaction time (F(1,4) = 22.47, p = .009, partial η2 =.85) (see 
Table 5.10) than the deductive approach (also see Figure 5.1 and Figure 5.2). Classroom 
interaction time was higher when teachers asked more stimulating questions. The positive 





Table 5.7. Mean question type (0=controlling, 1=same, 2=stimulating) for conditions.  
 M SE 
deductive 0.22 0.04 
inductive 1.50 0.04 
 
 
Table 5.8. Mean classroom interaction time (between 0 and 120 seconds) for conditions.  
 M SE 
deductive 48.10 1.65 
inductive 62.04 1.58 
 
 
Table 5.9. Between-groups effects on the teachers’ question type.  
Source SS df MS F p Partial eta-squared 
teacher 0.12 4 0.03 0.68 .643  
condition 16.58 1 16.58 377.15 .000 .990 
Error 0.18 4 0.04    
 
 
Table 5.10. Between-groups effects on the classroom interaction time.  
Source SS df MS F p Partial eta-squared 
teacher 71.05 4 17.76 0.21 .923  
condition 1944.70 1 1944.70 22.47 .009 .849 





Figure 5.1. Quarter means (averaged over lessons) for question type per didactic approach  




Figure 5.2. Quarter means (averaged over lessons) for classroom interaction time per didactic 
approach  
Note. Classroom interaction time is between 0 (0% student talk in a lesson quarter) and 120 seconds per time slot 
(100% student talk in a lesson quarter). 
 
Research questions 3 and 4. Overall, teachers did not differ much in their question type 
(min=0.79, max=0.93), nor did they differ much in the average classroom interaction time per 
120 seconds (min=54, max=57). The teacher did not have a significant effect on either the 
question type (F(4,4) = 0.68, p = .643) (see Table 5.9) or the classroom interaction time 
(F(4,4) = .21, p = .923) (see Table 5.10) (also see Figure 5.3 and Figure 5.4). Split by 
condition, teachers did not differ much in their question type (min-deductive=0.16, max- 
deductive=0.33; min-inductive=1.41, max-inductive=1.66), nor did they differ much in the 
average classroom interaction time per 120 seconds (min-deductive=42, max- deductive=52; 
min-inductive=57, max-inductive=65) (see Table 5.11, and Table 5.12). It looks like there 
were no interaction effects of condition and teacher (we could not test this statistically, due to 













Table 5.11. Mean question type (0=controlling, 1=same, 2=stimulating) for teachers by 
condition.  
  M SE 
Teacher1 deductive 0.17 0.06  
inductive 1.45 0.16 
Teacher2 deductive 0.16 0.08  
inductive 1.66 0.12 
Teacher3 deductive 0.33 0.11  
inductive 1.53 0.15 
Teacher4 deductive 0.12 0.05  
inductive 1.47 0.14 
Teacher5 deductive 0.30 0.09  





Table 5.12. Mean classroom interaction time (between 0 and 120 seconds) for teachers by 
condition.  
  M SE 
Teacher1 deductive 52.08 5.20  
inductive 59.93 7.34 
Teacher2 deductive 42.37 6.45  
inductive 65.32 5.48 
Teacher3 deductive 50.08 7.74  
inductive 57.20 4.35 
Teacher4 deductive 47.03 6.62  
inductive 62.38 8.23 
Teacher5 deductive 48.92 7.21  
inductive 65.38 6.20 
 
5.3.2 Within-groups effects 
Research question 5. The type of teacher questions did not change significantly over the three 
lessons (F(2,8)=0.52, p=.613), or over the quarters (F(3,12)=2.36, p=.123) (see Table 5.13, 
and the almost horizontal lines in Figure 5.5 and Figure 5.6). There was however a significant 
interaction effect of the quarters and the conditions: in the deductive didactic approach the 
teachers’ question type hardly changed over the lessons, whereas it did in the inductive 
didactic approach, especially from quarter 3 to quarter 4 (F(3,12)=3.79, p=.040) (see Table 




Table 5.13. Within-groups effects on teacher’s question type.  
Source SS df MS F p Partial eta-squared 
Lesson  0.291 2 .146 0.52 .613  
Lesson*teacher  1.906 8 .238 0.85 .588  
Lesson*condition  1.040 2 .520 1.86 .218  
Error(lesson)  2.243 8 .280    
Quarters  0.709 3 .236 2.36 .123  
Quarters*teacher  1.292 12 .108 1.07 .452  
Quarters*condition  1.140 3 .380 3.79 .040 .487 
Error(quarters)  1.203 12 .100    
Lesson*quarters  1.047 6 .175 1.38 .262  
Lesson*quarters*teacher  2.903 24 .121 0.96 .542  
Lesson*quarters*condition  0.905 6 .151 1.19 .343  
Error(lesson*quarters)  3.033 24 .126    









Figure 5.6. Quarter means for question type  
 
 
Research question 6. The classroom interaction time changed over the three lessons (from 45, 
to 65, to 55 seconds per 120 seconds). This effect was significant (F(2,8)=11.81, p=.004) (see 
Table 5.14, Figure 5.7, and Figure 5.8). The classroom interaction time also changed over the 
quarters (from 48, to 48, to 58, to 66 seconds per 120 seconds). This effect was also 
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significant (F(3,12)=14.39, p=.009) (see Table 5.14, Figure 5.7, and Figure 5.8). There is also 
an interaction effect of the lesson and the condition: the difference in classroom interaction 
time between the conditions decreases from one lesson to the next (deductive: from 31, to 60, 
to 53 seconds; inductive: from 59, to 70, to 57 seconds; i.e. the difference between the 
conditions decreases from 26, to 10, to 4 seconds). This interaction effect was significant 
(F(2,8)=4.60, p=.047) (see Table 5.14, and Figure 5.9). 
 
Table 5.14. Within-groups effects on the classroom interaction time.  
Source SS df MS F p 
Partial eta-
squared 
Lessona  8155.997 2 4077.998 11.81 .004 .747 
Lesson*teachera  7602.356 8 950.295 2.75 .087  
Lesson*conditiona  3175.108 2 1587.554 4.60 .047 .535 
Error(lesson) a  2763.375 8 345.422    
quartersb  6722.927 1.34 5018.006 14.39 .009 .783 
Quarters*teacherb  3669.072 5.36 684.651 1.96 .230  
Quarters*conditionb  779.746 1.34 582.004 1.67 .261  
Error(quarters) b  1868.301 5.36 348.626    
Lesson*quartersb  5175.019 2.37 2185.933 2.37 .142  
Lesson*quarters*teacherb  6805.156 9.47 718.626 0.78 .647  
Lesson*quarters*conditionb  1751.267 2.37 739.737 0.80 .497  
Error(lesson*quarters) b  8750.113 9.470 924.014    
a. Sphericity assumption was met 
















Figure 5.9. Lesson means for classroom interaction time per didactic approach   
 
 
5.4 Conclusion and discussion 
The inductive didactic approach induced significantly more stimulating questions than the 
deductive approach (research question 1). Apparently, teachers were more inclined to induce 
students’ reflection and critical thinking in the inductive didactic approach than they were in 
the deductive didactic approach. The inductive didactic approach also induced significantly 
more classroom interaction time than the deductive didactic approach (research question 2). 
When teachers explained a procedure that students must follow in exercises, classroom 
interaction seemed to be less (40% of the time) than when teachers asked students to come up 
with their own procedures (52% of the time). 
Overall, teachers did not differ in their question type, nor did they differ in classroom 
interaction time (research questions 3 and 4). However, since teachers were restricted (they 
had to use specific teacher manuals with the two approaches), there is a chance they might 
have differed if they had been free to choose their own didactic approach.  
The type of teacher questions did not change significantly over lessons or quarters 
(research question 5). The mathematical subject and the part of the lesson did not appear to 
affect the question type. However, classroom interaction time did change significantly over 
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lessons: in the lesson about scale calculations there was more interaction (54%) than in the 
other two lessons (metric system: 38%, and area calculations: 46%) (research question 6). 
Perhaps it is the mathematical subject that induces either more classroom interaction or less. 
The relationship between the mathematical subject and classroom interaction time may also 
be influenced by students’ prior knowledge of the subject. Further research is needed to 
specify the relationship between the mathematical subject and classroom interaction time. 
Classroom interaction time also changed significantly over quarters: in the first quarter of a 
lesson, students talked 40% of the lesson time; this percentage grew to 55% in the last quarter 
(research question 6). Since every lesson started with an introduction by the teacher, and 
ended with exercises where students were stimulated to interact with each other, this result 
was to be expected. 
In this study we examined differences in classroom interaction time and question type 
(Nelissen, 2002) only, which is just a small part of the alleged positive effect of classroom 
interaction on learning gains (Slavin & Lake, 2008). Question type and classroom interaction 
time differences between the two approaches have been shown in this study, and future 
research might show differences in the quality of instruction. We did not look at quality of 
instruction like, for example, Hill and colleagues did. They used an observational instrument 
to measure the mathematical quality of instruction (MQI) by scoring teacher errors, 
mathematical richness, responses to students’ mathematical ideas, and student participation in 
meaning-making and reasoning (Hill, Umland, Litke, & Kapitula, 2012; Learning 
Mathematics for Teaching Project, 2011). However, teacher effects on learning gains were not 
significant (see Chapter 6), and in this study we were primarily interested in differential 
effects of an inductive and a deductive approach on classroom interaction.  
Another limitation of this study is that we only measured Rotterdam teacher training 
classes, and these students differ from the national population in their ethnicity and previous 
education. We did not measure at any other teacher training colleges or elementary school 
classes, or any other classes. Furthermore, the interrater reliability of the question type coding 
was rather low. However, the effect sizes, of the condition on the question type and on the 
classroom interaction, are extremely large. This study is therefore a first step towards creating 
theory around the relationship between inductive and deductive learning and teaching, and 
classroom interaction. The findings in this study are interesting, since classroom interaction in 
mathematics classes allegedly has a positive effect on student outcomes (Alfieri et al., 2011; 
Slavin & Lake, 2008). In the next chapter, the effect the didactic approach, classroom 










Effects on student performance 
Measurement numeracy improvement: effects of contrasting didactic 
approaches and teacher effects 
 
6.1 Introduction 
Improving classroom interaction in mathematics classes will probably have a positive effect 
on numeracy improvement (see Chapter 5). In Chapter 4, the development of two different 
types of lesson series on measurement for prospective elementary school teachers are 
described: one with a pure deductive and one with a pure inductive didactic approach to 
classroom interaction. In this chapter, a quasi-experiment with pretest-posttest design, used to 
estimate the effect of teachers and the didactic approach on students’ measurement numeracy, 
is described. Since an inductive didactic approach induced more classroom interaction time, 
and more stimulating questions, than a deductive didactic approach (see Chapter 5), the 
effects of these variables on students’ measurement numeracy were also estimated. 
Furthermore, Freeman et al. (2014) argued that active learning enhances student performance 
in mathematics, so we are also interested in the effect of student behavior during class. We 
also recorded migration status and previous education, because earlier research suggests that 
an inductive approach has a lower effect on improvement of low performing students (Slavin 
& Lake, 2008) and non-native students (Civil, 2014). Teachers’ preference for a didactic 
approach were also recorded, because a mismatch between the preference and the didactic 
approach used in the lessons might have a negative effect. 
The research questions to be answered in this chapter are as follows: 
1. To what extent does the didactic approach (inductive / deductive) affect students’ 
measurement numeracy? 
2. To what extent do different teachers affect students’ measurement numeracy? 
3. To what extent does student behavior during class affect students’ measurement 
numeracy? 




5. To what extent does the amount of classroom interaction affect students’ measurement 
numeracy? 
6. To what extent does previous education of the student and of his parents relate to 
students’ measurement numeracy? 
7. To what extent do gender, age, and the student’s home language relate to students’ 
measurement numeracy? 
8. To what extent does a mismatch between the teacher’s preference for the didactic 






All ten freshmen groups of the Rotterdam School of Education participated in the quasi-
experiment. The sample for this chapter consisted of 153 students who completed both the 
pretest and the posttest (see Chapter 2). Their mean age was 19.5 years (min=16, max=32), 
and 84% were female. The mean WISCAT score (a mandatory national math test for 
elementary school teacher training college freshmen, the norm is 103) was 100.9. 23% of the 
students also spoke another language besides Dutch at home, 55% only spoke Dutch at home, 
and for 22% it is unknown. 36% of the students did not attend mathematics classes in their 
previous education, or scored insufficiently; 42% scored sufficiently or higher at mathematics 
in their previous education, and for 22% it is unknown. 44% of the students had MBO or 
lower as highest previous education, 56% had HAVO or higher. 44% of the students' mothers 
had MBO or lower as highest previous education, 25% had HAVO or higher, and for 31% it 
is unknown. 42% of the students' fathers had MBO or lower as highest previous education, 
24% had HAVO or higher, and for 34% it is unknown. 
6.2.2 Materials 
Performance tests. Students’ measurement skills were measured twice, using the pretest and 
posttest that were developed earlier (see Chapter 2). Skills were measured separately for three 
different aspects: understanding relationships within the metric system (metric), calculating 
with scale (scale) and calculating length, area, and volume (area). For each aspect, both the 
pretest and the posttest contained ten items (five unique items in the pretest, five unique items 
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in the posttest, and five items in both the posttest and the pretest). Example items are shown in 
Table 6.1. 
 
Table 6.1. Item examples per aspect.  
Understanding relationships within the metric system: 
0.034 km = ……………… dm.  
450 are    = ……………… m². 
 
Calculating with scale: 
The distance from Rotterdam to Paris is 450 km. My map has a scale of 1: 3,000,000. How 
many cm is the distance from Rotterdam to Paris on my map? Explain. 
On my map the area of the living room is 5 dm². In real life the area of the living room is 45 
m². Explain how you find the scale that was used for my map. 
 
Calculating length, area, and volume: 
The area of a rhombus is 16 dm². One diagonal is twice as long as the other. Determine the 
size of the diagonals, and explain. 
The volume of a pack of lemonade is 1.5 liter. The pack has a length of 0.75 dm and a 
width of 1 dm. Calculate the height of the pack, and explain. 
 
Student questionnaires. For every lesson, students reported the following information about 
themselves: during the lesson a) the number of questions the student asked, b) the number of 
student interactions with a peer about the mathematical subject at hand, c) the attention (scale 
1-5) the student had for the instruction, d) the attention (scale 1-5) the student had for the 
exercises, and e) the attention (scale 1-5) the student had for the lesson in general. 
Classroom interaction measures. For every two-minute slot of every lesson, two different 
aspects of classroom interaction were recorded: 1) the number of seconds one or more 
students talked about the mathematical subject at hand, and 2) the type of teacher questions 
(Nelissen, 2002) (see Chapter 5). 
 
6.2.3 Design and procedure 
A quasi-experiment, with a pretest-posttest design, was used to estimate the effect of two 
didactic approaches on student performance. Five teachers all taught one group using the 
deductive approach, and one group using the inductive approach (see Chapter 5). Teachers 
were pre-assigned to the 10 pre-existing student groups by the Rotterdam School of Education 
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administration. Under these conditions, student groups were randomly assigned to the didactic 
approach, using the following procedure: for every teacher, one of the student groups was 
assigned at random (by flipping a coin) to either the inductive or the deductive approach. The 
other group would automatically be taught using the other didactic approach. We could not 
randomly assign students to a didactic approach because there were pre-existing groups. 
However, since there were ten groups in the sample, cluster randomization (the next best 
thing in terms of bias and power) is good enough (Van Breukelen, 2013). The procedure was 
as follows: first students took a pretest, then they took classes (with either a deductive or an 
inductive didactic approach, depending on their student group), completed a questionnaire 
after each lesson, and finally took a posttest (two weeks after the final lesson). 
 
6.2.4 Statistical analyses 
Multilevel analyses. To find out if multilevel analyses are necessary (usually, multilevel 
analyses are used with pre-existing groups), tests were performed with MLWIN (Rasbash, 
Steele, Browne, & Prosser, 2015) to see if the data (student scores) showed significant 
proportions of variance on the teacher level and/or on the student group level. Tests were 
performed separately for scores on the three different aspects (metric system, scale 
calculation, and length, area, and volume calculation). In the nested structure, students were 
given subscript i, student groups (10 groups) were given subscript j, and teachers (5 teachers) 
were given subscript k. The models for predicting student scores on the metric system aspect 
were as follows: Model 1 has only the student level, model 2 has a student level and a group 
level, model 3 has a student level and a teacher level, and model 4 has a student level, a group 
level and a teacher level. 
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Model 1.  Post_metricijk = β0i * constant + β1 * (pre_metric-gm)ijk  
(β0i = β11 + e0ijk)  
Model 2.  Post_metricijk = β0ij * constant + β2 * (pre_metric-gm)ijk  
(β0ij = β21 + u0jk + e0ijk)  
Model 3.  Post_metricijk = β0ik * constant + β3 * (pre_metric-gm)ijk  
(β0ik = β31 + v0k + e0ijk)  
Model 4.  Post_metricijk = β0ijk * constant + β4 * (pre_metric-gm)ijk  
(β0ijk = β41 + v0k + u0jk + e0ijk)  
Notes.  
pre_metric-gm is the deviation from the grand mean of the pretest score for the aspect metric system.  
u0jk and v0k are student group-specific and teacher-specific deviations from the mean. If they are not significantly 
different from zero, there is no reason to use multilevel analyses. 
 
The -2*loglikelihood of the models 2, 3 and 4 were compared with the one from model 1. A 
difference (delta-2LL) of less than 2.706 (since variances cannot be negative, we tested with 
10% instead of 5%) (Hox, 2010, p. 49) would mean that we do not need to use multilevel 
analyses (in that case adding the extra level in that model does not significantly improve the 
model). Table 6.2 shows that there is no reason to use multilevel analyses. Consequently, 
though it might still be possible that different (group or other) variables cancel each other out, 
chances are that no group variable has a significant effect on student performance. 
 
 
Table 6.2. Multilevel check: -2*loglikelihood for the four models, for three different aspects.  
 metric scale area 
student level (model 1) 673.641 615.176 703.064 
student+group (model 2) 671.177 615.174 702.393 
delta-2LL 2.464 0.002 0.671 
student+teacher (model 3) 671.598 615.176 702.316 
delta-2LL 2.043 0 0.748 
student+group+teacher (model 4) 670.975 615.174 702.235 
delta-2LL 2.666 0.002 0.829 
    
 
ANCOVA or Repeated Measures ANOVA. Since we can conclude that multilevel analyses are 
not necessary, analyses (for each aspect separately) can be performed with either ANCOVA 
(using the posttest scores as dependent variable and the pretest scores as covariate, which adds 
to the power), or repeated measures analyses (using the difference between the posttest score 
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and the pretest score as dependent variable). Since these two methods are the same if there are 
no group effects at the pretest (and that is the case in this study, see Table 6.3), and correction 
for measurement error in the pretest comes down to an ANCOVA if there are no true group 
differences at the pretest (Van Breukelen, 2013), analyses will be performed using ANCOVA.  
 
Pre-existing differences between the two conditions. In total, 153 students completed both the 
pretest and the posttest (80 students were in the deductive group, and 73 students were in the 
inductive group). On average, students in the deductive group performed worse at the pretest 
on the metric aspect (M=4.9) than students in the inductive group (M=5.7). This difference 
was not significant: t(151)=-1.89, p > .05. On average, students in the deductive group 
performed worse at the pretest on the scale aspect (M=5.1) than students in the inductive 
group (M=5.3). This difference was not significant: t(151)=-0.38, p > .05. On average, 
students in the deductive group performed better at the pretest on the area aspect (M=3.2) than 
students in the inductive group (M=2.7). This difference was not significant: t(151)=1.17, p > 
.05 (see Table 6.3). On average, the WISCAT score of students in the deductive group 
(M=101.5) was higher than the WISCAT score in the inductive group (M=100.2). This 
difference was not significant: t(141)=0.33, p>.05 (see Table 6.4). 
 
Table 6.3. Independent t-test for pretest score differences in ten pre-existing groups 
(Ndeductive=80, Ninductive=73).  
 Deductive Inductive     
 M  SE M  SE t df p 
metric 4.9 0.3 5.7 0.3 -1.89 151 .061 
scale 5.1 0.4 5.3 0.4 -0.38 151 .705 
area 3.2 0.3 2.7 0.3 1.17 151 .244 
 
Table 6.4. Independent t-test for WISCAT score differences in ten pre-existing groups 
(Ndeductive=76, Ninductive=67).  
 Deductive Inductive    
 M  SE M  SE t df p 
WISCAT 101.5 2.6 100.2 3.4 0.33 141 .746 
 
Pre-existing differences between the five teachers (results of one-way ANOVA). On average, 
students in the groups of teacher1 (M=89.7) performed worse in the WISCAT than students in 
other groups, particularly when compared to students in the groups of teacher3 (M=108.9) 
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(see Table 6.5). The difference between teachers was significant: F(4,138)=3.20, p<.05 (see 
Table 6.6).  
 
Table 6.5. Mean WISCAT scores per teacher.  
 N M SE 
teacher1 33 89.7 4.0 
teacher2 30 97.6 4.9 
teacher3 31 108.9 4.4 
teacher4 28 104.6 3.7 
teacher5 21 106.4 5.8 
Total 143 100.9 2.1 
 
 
Table 6.6. One-way ANOVA to check for significant differences in WISCAT score per teacher.  
 SS df MS F p 
Between Groups 7494.62 4 1873.66 3.20 .015 
Note: post-hoc test revealed a significant difference (p=.018) between the WISCAT scores of students in classes 
of teacher1 and teacher3. 
 
On average, students in the groups of teacher1 (M=3.5) performed worse at the pretest for the 
aspect scale than students in other groups, particularly when compared to students in the 
groups of teacher3 (M=6.2) (see Table 6.7). The difference between teachers was significant 
for the aspect scale: F(4,148)=3.85, p<.05 (see Table 6.8). Student scores on the aspects 
metric and area did not differ much per teacher (see Table 6.7, and Table 6.8).  
 
Table 6.7. Differences per teacher in pretest score for the aspects metric, scale, and area.  
  metric scale area 
 N M SE M SE M SE 
teacher1 34 4.7 0.4 3.5 0.6 2.2 0.4 
teacher2 32 4.6 0.5 5.0 0.6 2.9 0.5 
teacher3 34 5.8 0.4 6.2 0.5 3.6 0.5 
teacher4 32 5.8 0.5 5.7 0.5 2.8 0.4 
teacher5 21 5.5 0.5 5.8 0.6 3.5 0.7 





Table 6.8. One-way ANOVA to check for significant differences per teacher in pretest score 
for the aspects metric, scale, and area.  
 SS df MS F p 
metric 41.07 4 10.27 1.61 .174 
scale 147.85 4 36.96 3.85 .005 
area 42.13 4 10.53 1.49 .208 
Note: post-hoc test revealed a significant difference between the pretest scores at the aspect scale in groups of 
teacher1 and teacher 3 (p=.005), and between the groups of teacher1 and teacher4 (p=.041). 
 
As the pretest scores at the three aspects and the WISCAT score both reflect (parts of) 
mathematical skills, the correlations between the three pretest scores and the WISCAT score 




Table 6.9. Spearman’s rho correlation coefficients between pretest scores and WISCAT score 
(1-tailed).  
  metric scale area WISCAT 
metric 
r     
N     
scale 
r .43**    
N 153    
area 
r .44** .64**   
N 153 153   
WISCAT 
r .40** .71** .61**  
N 143 143 143  
**. Correlation is significant at the 0.01 level (1-tailed). All p’s <.001. 
Notes: variables are not normally distributed (see Table 6.10 and Figure 6.1). Correlation between WISCAT and 
pretest total: r=.72 (p<.001). 
 
Table 6.10. Normality (kurtosis and skewness) of the three pretest scores and the WISCAT 
score.  
 metric scale area WISCAT 
N Valid 210 210 210 228 
Missing 49 49 49 31 
Mean 5.06 5.05 2.91 99.03 
SE 0.18 0.22 0.18 1.70 
SD 2.61 3.23 2.62 25.68 
Skewness -0.27 -0.24 0.59 0.76 
SE of Skewness 0.17 0.17 0.17 0.16 
Z-skew 
 
-1.59 -1.42 3.51* 4.72* 
Kurtosis -0.64 -1.16 -0.78 1.38 
SE of Kurtosis 0.33 0.33 0.33 0.32 
Z-kurtosis -1.90 -3.47* -2.34 4.31* 
*. Significantly different (.001 level, i.e. Z>3.29) from normal. WISCAT looks normal, except for three very 
high scores. The pretest scores at scale and at area look skewed, because a large proportion of students did not 











Using the pretest score as a covariate allows for estimating the effect of other variables on the 
posttest score, after controlling for the effect of the pretest score on the posttest score. The 
pretest score was therefore used as the first covariate to control for. Later, other continuous 
variables were also used as covariates. Categorical variables were used as fixed factors. In the 
first model, the effect of the condition and the teacher on the posttest score was estimated, 
after controlling for the effect of the pretest score on the posttest score. Next, other variables 
were added to see if they also had an effect on the posttest score. If a variable did not have a 
significant effect (at the .05 level) on the posttest score, it was removed from the model. The 
first four models (for the aspect metric system) were as follows: 
1. Post_metrici = b0 + β1 * (pre_metrici) + β2 * (conditioni) + β3 * (teacheri) + errori. 
2. Post_metrici = b0 + β1 * (pre_metrici) + β2 * (conditioni) + β3 * (teacheri) + β4 * 
((conditioni) * (teacheri)) + errori. 
3. Post_metrici = b0 + β1 * (pre_metrici) + β5 * (WISCATi) + β2 * (conditioni) + β3 * 
(teacheri) + errori. 
4. Post_metrici = b0 + β1 * (pre_metrici) + β5 * (WISCATi) + β6 * 




Research question 1. The mean posttest score was higher than the mean pretest score for all 
three aspects (metric: (Mposttest=6.6, Mpretest=5.3; scale: Mposttest=6.5, Mpretest=5.2; area: 
Mposttest=5.4, Mpretest=3.0) (see Table 6.11). For all three aspects, the progress was substantial 
and significant, i.e. all effect sizes were large, and all p’s were <.001 (metric: t(152)=5.97, 
r=.44, p<.001; scale: t(152)=6.47, r=.46, p<.001; area: t(152)=11.56, r=.68, p<.001).  
 
Table 6.11. Mean pretest score and mean posttest score per aspect (N=153).  
 metric scale area 
 M SE M SE M SE 
pretest 5.3 0.2 5.2 0.3 3.0 0.2 
posttest 6.6 0.2 6.5 0.2 5.4 0.2 
 
Research question 2. The mean posttest score per aspect was roughly the same in both 
conditions (see Table 6.12). The mean posttest score for students of teacher 1 was roughly the 
same in both conditions. The mean posttest score for teacher 3 and teacher 4 (who both had a 
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preference for a deductive didactic approach, see Table 4.1) was higher in the deductive 
approach than in the inductive approach. For teacher 2 and teacher 5 (who both had a 
preference for an inductive didactic approach) the opposite applied (see Figure 6.2). However, 
the interaction effect between teacher and didactic approach was not significant, nor was a 
mismatch between the teacher’s preference and the didactic approach (see Table 6.15). 
 
Table 6.12. Mean posttest scores for metric, scale, and area, by teacher by condition.  
 metric SD scale SD area SD 
teacher1 deductive (N=16) 5.6 2.0 5.9 2.7 4.0 3.3 
inductive (N=18) 5.7 2.5 5.8 2.1 3.9 3.1 
teacher2 deductive (N=23) 6.5 2.4 5.7 2.5 4.8 2.6 
inductive (N=9) 8.1 1.8 7.4 2.4 6.4 2.2 
teacher3 deductive (N=15) 7.7 1.7 7.5 1.4 7.0 2.2 
inductive (N=19) 6.9 2.6 6.4 2.6 5.6 3.3 
teacher4 deductive (N=14) 7.9 2.3 7.3 2.4 6.9 2.6 
inductive (N=18) 6.3 2.2 5.9 2.2 4.9 2.3 
teacher5 deductive (N=12) 5.3 2.4 7.1 1.4 5.5 3.2 
inductive (N=9) 6.9 1.9 7.8 1.1 6.7 2.9 
Total deductive (N=80) 6.6 2.3 6.6 2.3 5.5 3.0 








Figure 6.2. Mean scores on posttest by teacher and condition for metric (top), scale (middle), 




Research question 3. After each lesson, students were asked to answer five questions about 
classroom interaction and about their attention to the lesson (almost no attention, a little, 
average, much, full). Table 6.13 and Table 6.14 show the results of the student questionnaires. 
Students said the attention they had for the lesson, in both approaches, was between average 
and much. In the inductive approach, students said they asked more questions (1.7 compared 
to 1.3 questions), and talked more to their peers (4.0 times compared to 3.7 times). 
 
 
Table 6.13. Results of student questionnaires in the deductive approach (drawn after each 
lesson).  
  Classroom interaction Attention (scale 1-5) to: 
  # questions  # peer talk  instruction  exercises total 
N Valid  79 78 79 79 79 
Missing  1 2 1 1 1 
M  1.3 3.7 4.0 3.6 3.5 
Note: Scale (1-5): 1=no, 2=little, 3=average, 4=much, 5=full. 
 
Table 6.14. Results of student questionnaires in the inductive approach (drawn after each 
lesson).  
 Classroom interaction Attention (scale 1-5) to: 
 # questions  # peer talk  instruction  exercises total 
N Valid 72 72 73 73 73 
Missing 1 1 0 0 0 
M 1.7 4.0 3.7 3.6 3.4 
Note: Scale (1-5): 1=no, 2=little, 3=average, 4=much, 5=full. 
 
Research question 1 to 8. The ANCOVA analyses showed that – after controlling for the 
pretest score and the WISCAT score, which both had a significant effect on the posttest score 
in all models –only one variable had a significant effect on the posttest score, and this was 
only the case for one aspect (see Table 6.15 and Table 6.16). This variable was mother’s 
highest education, and it only had a significant effect (F(2,133)=4.437, p=.014) on the posttest 
score for the area aspect. This was a small effect (η=.063). On average, students whose 
mother’s education was HAVO or higher scored higher on the area aspect (M=6.2, SE=.46, 
N=38) than students whose mother’s education was MBO or lower (M=5.0, SE=.35, N=68). 
None of the other measured independent variables had a significant effect on the posttest 
score, with one exception: in the base model without controlling for the effect of WISCAT, 
the teacher had a significant effect on the posttest score of the metric aspect. However, after a 
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Bonferroni5 correction (since there were three aspects, p=.031*3=.093), this effect was not 
significant. 
 
Table 6.15. Effect on posttest score for metric, scale, and area.  
    metric scale area 
 Effect N df F p F p F p 
Base model  
pretest 153 1 21.87 .000 82.67 .000 64.12 .000 
condition 153 1 0.18 .671 0.68 .413 0.00 .984 
teacher 153 4 2.73 .031 0.96 .430 1.98 .100 
          
Base model + condition*teacher 153 4 2.09 .085 1.27 .287 1.55 .191 
Base model +  WISCAT (=Model3) 143 1 12.14 .001 12.54 .001 27.30 .000 
Model3 + question type 143 1 0.57 .453 0.34 .563 0.13 .716 
Model3 + interaction time 143 1 0.11 .736 0.03 .864 1.27 .262 
Model3 + # student questions 142 1 1.22 .271 2.01 .158 0.58 .448 
Model3 + # peer interaction 140 1 0.08 .780 0.03 .868 0.34 .559 
Model3 + attention instruction 142 1 0.34 .560 0.44 .507 0.02 .883 
Model3 + attention span total 142 1 0.80 .372 0.05 .827 0.67 .415 
Model3 + attention exercises 142 1 1.05 .308 0.51 .476 0.35 .557 
Model3 + gender 143 1 0.00 .974 0.01 .906 0.03 .865 
Model3 + home language 143 2 0.38 .684 0.03 .970 0.86 .426 
Model3 + math prev. education 143 2 0.32 .727 1.19 .307 1.55 .217 
Model3 + prev. education 143 1 0.78 .378 0.17 .680 0.02 .881 
Model3 + prev. education mom 143 2 0.74 .478 0.09 .915 4.44 .014 
Model3 + prev. education dad 143 2 0.68 .506 0.34 .712 0.94 .393 
Model3 + age 143 1 0.16 .691 1.68 .197 0.52 .472 
Model3 + presence 143 1 0.20 .657 1.79 .183 1.00 .319 
Model3 + 
mismatch teacher’s 
preference/condition 143 1 3.46 .065 0.01 .912 1.14 .288 
Notes:  
Base model and Model3 (for the aspect metric system):  
Base model: Post_metrici = b0 + β1 * (pre_metrici) + β2 * (conditioni) + β3 * (teacheri) + errori.  
Model3 = Base model + WISCAT. 
The pretest and WISCAT effect were significant in all models. 
After controlling for pretest and WISCAT, none of the models showed significant condition or teacher effects 
(all p’s > .05). 
Levene’s tests were not significant in all analyses. 
There were no violations of homogeneity of regression slopes in any of the analyses, i.e. no significant factor-
covariate interaction effects (three aspects were tested, so we used a Bonferroni correction, and tested with a 
.003 significance level). 
Due to lack of degrees of freedom, no full factorial model was used. 
 
 
                                                          
5 A Bonferroni correction was used to compensate for multiple hypothesis testing. Since we tested for three 
aspects on the same sample, we multiplied p by 3. 
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Table 6.16. Model3 effect sizes (partial eta squared) and regression weights, of pretest and 
WISCAT, for metric, scale, and area.  
  metric    scale    area 
 η
2 B η2 B η2 B 
pretest .059 .221 .150 .308 .073 .292 
WISCAT .082 .028 .085 .028 .168 .052 
 
6.4 Conclusion and discussion 
Although student characteristics like previous education, mathematical history, home 
language, and gender have a significant and substantial effect on their pretest score (see 
Appendix), these effects on the posttest score disappear after controlling for the pretest score 
and the WISCAT score. Although these characteristics have significant effects on students’ 
initial score, they do not have an effect on performance gains. After controlling for the pretest 
score and the WISCAT score, the didactic approach (inductive / deductive) (Klahr, 2009; 
Sweller, Kirschner & Clark, 2007), the teacher, student behavior during class (Freeman et al., 
2014), the type of questions the teacher asks (Nelissen, 2002), and the classroom interaction 
time all had no significant effect on students’ measurement numeracy (research questions 1, 2, 
3, 4, and 5). Nor did students’ and parents’ previous education, mathematical background, 
gender, age, or the student’s home language have a significant effect on students’ 
measurement numeracy (although there was a small significant effect of the students’ 
mother’s education for the area aspect) (research questions 6 and 7). Since we did not find a 
significant difference between the conditions, after controlling for the pretest score (and the 
WISCAT score), we cannot confirm that a deductive didactic approach might be a better 
choice for a group of (mathematically) low performing students (Slavin & Lake, 2008) or for 
non-native students (Civil, 2014). Finally, a mismatch between the teacher’s preference for 
the didactic approach and the actual didactic approach used in the lessons did not have a 
significant effect on students’ measurement numeracy either (research question 8).  
Even though an inductive didactic approach induced more classroom interaction time, 
and more stimulating questions, than a deductive didactic approach (see Chapter 5), we found 
no significant measurement numeracy improvement difference between inductive and 
deductive classroom interaction. However, the mean classroom interaction time in our 
experiment was rather high in both conditions: 48 per 120 seconds in the deductive approach, 
and 62 per 120 seconds in the inductive approach (see Chapter 5). Therefore, this study could 
not estimate the effect of very low classroom interaction intensity. We did not find a teacher 
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effect, but this might be due to the instructions (didactic approach, teacher manual, 
PowerPoint sheets) they were given (all teachers followed the instructions for teaching quite 
well; although teacher 4 made some other choices, he complied reasonably with the 
instructions, see Chapter 5). If the aim were to estimate the teacher effect on measurement 
numeracy, it would have been necessary for teachers to have more freedom of choice in their 
classes. 
A limitation of this study is that the participants in our sample were all Rotterdam 
School of Education students. We had no students from other colleges or elementary school 
pupils in our sample, which might slightly compromise the external validity. Furthermore, 
lesson attendance was rather low (lessons were not compulsory for students). The reasons for 
not attending lessons were not recorded (perhaps students were not motivated, perhaps they 
did not need the lessons). However, lesson attendance was controlled for in the analyses, and 
the effect was not significant. Finally, we could not randomly assign students to groups, 
because students were in pre-existing groups, and the design was unbalanced. However, the 
internal validity of the results of this study is acceptable, as student characteristics were 
reasonably equal across conditions (see Chapter 2). We conclude that further research is 
needed on the effect of classroom interaction on numeracy improvement, in order to 











The previous chapters of this dissertation report on differential effects of two didactical 
approaches (inductive and deductive) to measurement numeracy education for prospective 
elementary school teachers. In Chapter 3, the dimensionality of measurement numeracy was 
investigated, to establish construct validity in measuring students’ measurement numeracy. 
Confirmatory factor analyses were performed on students’ test responses to ascertain whether 
estimating measures, understanding relationships within the metric system, calculating with 
scale and calculating length, area, and volume reflect one and the same student skill, or 
separate student skills. Chapter 4 describes the development of two lesson series: one with a 
pure deductive didactic approach, and one with a pure inductive didactic approach. In Chapter 
5, an intervention study, in which video-taped lessons were used to measure classroom 
interaction time and teachers’ question types, is described. Results were used, in repeated 
measures ANOVA analyses, to estimate the effects of the didactic approach and the teacher 
on classroom interaction time and on the teachers’ question type. Finally, Chapter 6 describes 
the differential effects of the two didactic approaches on student performance. Students’ 
measurement numeracy was measured before and after the lesson series. Results were used to 





7.1.1 Test construction and measurement of numeracy sub-skills 
Confirmatory factor analyses (CFA), on student responses on a selection of items previously 
developed by the Rotterdam School of Education for a measurement numeracy course, were 
used to verify that items that were supposed to measure a specific sub-skill of measurement 
numeracy, indeed reflected only that sub-skill. In a pilot study, items with a high item-total 
correlation (to maximize reliability), and items varying in p-value (for differentiation 
purposes) were selected. This item selection was also used to measure the measurement 
numeracy of students in the quasi-experiment. The results of the CFA were that understanding 
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relationships within the metric system, calculating with scale, and calculating length, area, 
and volume did not reflect one and the same student skill, they reflected distinguishable 
student sub-skills. The hypothesized factor estimating measures could not be identified 
(although this might be due to small sample sizes and dichotomous scoring, see Chapter 3, 
half of the factor loadings of estimating measures items were non-significant and the average 
factor loading was below .4). If estimating measures were a separate student sub-skill, we 
would have found shared variance in the analyses of student responses, but we did not. A 3-
factor model with correlated factors metric system, scale calculations, and length, area, and 
volume calculations fit well and better than a 1-factor model. This means that it may be 
beneficial to differentiate between these sub-skills in testing and in mathematics classes. 
Mathematics teachers might therefore consider paying attention to these distinct aspects in 
their tests (test each sub-skill separately) and courses. Naturally, students also need to be able 
to solve multifaceted problems (i.e. problems which require students to have two or more sub-
skills). However, if tests and problems in classes consist only of these multifaceted problems, 
it becomes difficult for teachers to find the cause of low performance (which sub-skill has 
been insufficiently developed?). 
 
7.1.2 Development of the lesson series  
Two measurement numeracy lesson series were developed for prospective elementary school 
teachers: one with a pure deductive didactic approach and one with a pure inductive didactic 
approach. We started with a literature review and structured interviews with experts in the 
field of mathematics education. From there, PowerPoint blueprints and teacher manuals were 
developed in focus groups. Since measurement numeracy contains (at least) three 
distinguishable sub-skills, separate lessons were developed for each sub-skill. Lesson 2 was 
developed around understanding relationships within the metric system, lesson 3 was 
developed around calculating with scale, and lesson 4 was developed around calculating 
length, area, and volume. Lesson 1 was developed as introduction to the course, and also 
covered estimating sizes (this was not part of the research, but the teacher training curriculum 
required the students to be tested on this aspect, as well). Lesson 5 was developed as a 
summary and a formative assessment (i.e. discussion about practice exam items). The results 
are two lesson series on measurement numeracy, with PowerPoint sheets for every lesson and 
a teacher manual. Table 4.2 and Table 4.3 (Chapter 4) show the focus groups advice on what 
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teachers and students should be doing for each lesson (for each sub-skill) for the two didactic 
approaches. 
The inductive idea was to choose a realistic context and problem as a playground for 
students to discover mathematical procedures and rules. The focus group for the inductive 
didactic approach suggested that, to discover general procedures, the teachers should guide 
student groups, in their discussions amongst themselves about the problem. After discussing 
several solutions, student groups should come up with general procedures to solve the 
problem. Teachers should ask students to share and explain their ideas, and ask other students 
to respond, so that students can individually select their preference for a procedure. Teachers 
who use an inductive didactic approach must have a solid teaching and mathematics 
background, as it is more complex to guide students’ reinventions and appropriately respond 
to their ideas than it is to explain procedures you already are familiar with. Students will not 
always be able to discover suitable procedures (Pierson, 2008) and students may ask for 
explanations (Gravemeijer, 1994) instead of engaging in each other’s mathematical ideas 
(Staples, 2007). To anticipate that, teachers were instructed to use scaffolding. 
The deductive idea was to explain rules and to model procedures, step by step, before 
students individually apply them in different contexts. The focus group for the deductive 
didactic approach suggested that the teachers should ask students to share and explain their 
answers, and that the teacher should correct the explanations and answers until they are 
precise and clear. Teachers who use a deductive didactic approach must be able to explain 
how and why procedures work, to deepen students’ procedural knowledge, and to anticipate 
and address misconceptions (VanLehn, 1990). Students’ engagement in classroom interaction 
on how to use the teacher’s procedure (Van de Craats, 2007) may not always be optimal (for 
example, because applying the procedure is either too hard or too easy for some students). To 
anticipate that, teachers were instructed to use different kinds of questioning, depending on 
individual student’s level of understanding.  
A limitation of this study is that only two experts were interviewed and that focus 
group members were all teacher educators of one teacher college. Other teacher educators or 
elementary school teachers might have shed another light on the development process. As the 
lesson series were developed for prospective elementary school teachers, who already learned 
about measurement earlier, and might therefore be more able to rediscover procedures than 
elementary school pupils, generalizability of the results (the lesson series) to elementary 
schools might be questionable.   
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Although this study resulted in lesson series with a pure deductive and one with a pure 
inductive didactic approach (which was needed to estimate the differential effect of the two 
approaches), in practice it is probably prudent for teachers to build their own personal mixture 
of these approaches, and to switch approaches depending on students’ needs. After the lesson 
series, teachers reported that students varied in approach preference, that discussions in the 
inductive didactic approach were time-consuming, and that many students who were taught 
inductively asked teachers to provide explanations instead of trying to rediscover procedures 
for themselves. Teachers also felt that, for some convenient procedures (with scale and the 
metric system), a deductive rather than an inductive didactic approach might be more suitable, 
given the apparently higher efficiency gains. 
 
7.1.3 Effects on classroom interaction 
The results in Chapter 5 show that an inductive didactic approach induced significantly more 
classroom interaction time (student talk) than a deductive didactic approach. When teachers 
explained a procedure that students had to follow in exercises, classroom interaction was less 
(40% of the time) than when teachers asked students to come up with their own procedures 
(52% of the time). Teachers also asked significantly more stimulating questions when they 
used an inductive didactic approach (M=1.50), compared to when they used a deductive 
didactic approach (M=0.22) (coding: 0 for controlling questions, 1 for equal, 2 for stimulating 
questions). Apparently, teachers were more inclined to induce students’ reflection and critical 
thinking in the inductive didactic approach than they were in the deductive didactic approach. 
These findings are interesting, since classroom interaction in mathematics classes allegedly 
has a positive effect on student outcomes in elementary schools (Slavin & Lake, 2008), and 
probably also on teacher college student outcomes (see Chapter 1). There was no teacher 
effect of the didactical approach on either classroom interaction time or the teacher question 
type. However, had teachers been free to make their own choices, and were not instructed to 
follow the teacher manual (which they apparently did very well), perhaps there might have 
been differences between teachers. 
 
7.1.4 Effects on student performance 
In Chapter 6, the effect of the didactic approach (inductive versus deductive) and the teacher 
on student performance was estimated. There was a significant effect of the course: learning 
gains from pretest to posttest were significant (in both approaches). The pretest and the 
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WISCAT score had a significant effect on the posttest score. However, ANCOVA analyses 
show that, after controlling for the pretest score and the WISCAT score, the didactic approach 
and the teacher did not have a significant effect on students’ measurement numeracy. This 
also means that these results cannot confirm or deny the idea that a deductive didactic 
approach might be a better choice for a group of (mathematically) low performing students 
(Milo, 2003; Timmermans, 2005). 
Also, the type of questions the teacher asked, and the classroom interaction time did 
not have a significant effect. Although an inductive didactic approach induced more 
classroom interaction time and more stimulating teacher questions, students who were taught 
with the inductive didactic approach did not perform better than students who were taught 
with the deductive didactic approach. The teacher’s preference for a particular didactic 
approach, student behavior during class, previous education of the student and his parents, 
mathematical background, gender, age, and the student’s home language did not have a 
significant effect (although there was a small significant effect of the students’ mother’s 
education for the area aspect). 
We expected to find an effect of classroom interaction on student performance (Slavin 
& Lake, 2008), but we did not find effects of teacher question type or classroom interaction 
time. Even though we statistically corrected for student attendance, for which we found no 
effect, perhaps the low student attendance (around 50%) influenced the relationship. The 
difference between classroom interaction time in the two didactic approaches may have been 
too small (40% of the time versus 52% of the time). Perhaps there is only an effect if the 
classroom interaction time in one of the conditions is much lower, for example below 20%, or 
much higher, for example above 80%.  
 
7.2 Limitations 
An initial limitation of this study is that all participants in the sample were students of one 
Rotterdam teacher training college. These students differ from the national population in 
ethnicity (more immigrants than the national average) and previous education (lower than 
national average). Furthermore, the WISCAT score in our sample was lower than the national 
average, and that variable was related to the posttest score. However, these three variables did 
not interact with the condition. The sample differs from elementary school children (age and 
previous education are the most obvious differences). Since students in the sample had 
already previously learned about measurement, chances are they were more likely to be able 
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to (re)discover procedures, and to come up with different kinds of procedures, than 
elementary school pupils. Therefore, generalization of the conclusions a) an inductive 
approach induced more classroom interaction time, and b) student performance did not differ 
between an inductive and a deductive approach to elementary school mathematics learning 
and teaching is questionable.  
In this study we focused on a short lesson series. If the deductive didactic approach 
were to be applied over a longer period, teachers could choose to elaborate on certain aspects 
in order to deepen students’ procedural knowledge (Star, 2007). If the inductive didactic 
approach were to be applied over a longer period, teachers might not need to revert to 
scaffolding as quickly as suggested in this study. Teachers could then make room for student 
elaborations on other aspects of mathematics (or even other subjects) as well, because the 
time spent on these subjects or aspects would not be lost time.  
We measured classroom interaction time and the teachers’ question type (Nelissen, 
2002), but we did not measure quality of instruction (Hill, Umland, Litke, & Kapitula, 2012; 
Learning Mathematics for Teaching Project, 2011) or classroom discourse (Pierson, 2008). 
Although teacher effects on learning gains were not significant (see Chapter 6), as was a 
mismatch between the teacher’s preference and the didactic approach, and teachers followed 
instructions in both approaches just fine, quality of instruction and classroom discourse might 
have been different in the two approaches. 
Random assignment of students to groups (to a teacher, or to an approach) was not 
possible, because students were in pre-existing groups that were pre-assigned to a teacher. 
However, student characteristics were reasonably equal across conditions (see Chapter 2). The 
design was unbalanced: not every group had the same number of students. However, overall, 
the difference in number of students in the two approaches was minor. Lesson attendance was 
rather low (lessons were not compulsory for students). The reasons for not attending lessons 
were not recorded (perhaps students were not motivated, perhaps they did not need the 
lessons). However, lesson attendance was controlled for in the analyses, and the effect on 
student performance was not significant.  
The interrater reliability of the question type coding was rather low. However, the 
effect sizes, of the condition on the question type and on the classroom interaction, were 
extremely large. Even though an inductive didactic approach induced more classroom 
interaction time, and more stimulating questions, compared to a deductive didactic approach 
(see Chapter 5), no significant measurement numeracy improvement difference was found 
between the two approaches. However, the mean classroom interaction time in our 
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experiment was rather high: 48 per 120 seconds in the deductive didactic approach, and 62 
per 120 seconds in the inductive didactic approach (see Chapter 5). Therefore, this study 
could not estimate the effect of very low classroom interaction intensity. One might think that 
differences in ability to teach with an inductive or deductive didactic approach matter, but a 
fidelity check showed that the teachers followed instructions just fine. We did not find a 
teacher effect, but this might be due to the instructions (didactic approach, teacher manual, 
PowerPoint sheets) they were given (all teachers followed the instructions for teaching quite 
well; although teacher 4 made some other choices, he complied reasonably with the 
instructions, see Chapter 5). If the aim was to estimate the teacher effect on measurement 
numeracy and on classroom interaction, it would have been necessary for teachers to have 
more freedom of choice in their classes. 
Finally, classroom interaction was measured only on a group level. Perhaps measuring 
on student level would have given significant results (i.e. does student performance relate to 
his own active engagement in classroom discussions?).  
 
7.3 Future directions 
The findings in this dissertation, on the differential effects of an inductive and a deductive 
didactic approach on classroom interaction and on the absence of differential effects on 
student performance, raise several questions for future research. In the general introduction, 
the complexity of teacher education was described. The prospective teacher learns about 
pedagogy, about mathematics, about how to teach mathematics, and how to adapt to pupils’ 
educational needs. Teacher educators teach prospective teachers about numeracy, because a 
high level of numeracy is required in order to learn how to teach mathematics (Hill et al., 
2005). The proof of the pudding, however, is not only in the test results, but most of all in the 
way prospective teachers teach mathematics in elementary schools (Hill, Umland, Litke, & 
Kapitula, 2012). Although the area of research into the complexity of teacher training college 
mathematics is wide open, this study focused only on enhancing prospective teachers’ 
measurement numeracy, by developing lesson series, and by estimating the effects of 
inductive and deductive teaching on student performance and on classroom interaction.  
Results of this study show that an inductive didactic approach led to more classroom 
interaction and more stimulating teacher questions. Since improving classroom interaction 
allegedly has a positive impact on student performance (Slavin & Lake, 2008), an inductive 
approach might be advisable. However, classroom interaction can probably also be improved 
in a deductive approach. In a deductive approach, for example, teachers can be instructed to 
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use as many stimulating questions (versus check questions) as possible. Regardless of the 
didactical approach, it would be valuable to search for possibilities to improve classroom 
interaction, in such a way that student performance is optimized. Student performance can be 
interpreted in various ways, such as in different kinds of knowledge.  
The distinct difference between conceptual and procedural knowledge is easy to 
comprehend (through examples of being able to follow a procedure – with or without 
misconceptions – without knowing what you are doing), yet hard to describe (Hiebert, 2013). 
Conceptual knowledge requires relationships between pieces of information in the learner’s 
network of knowledge. Procedural knowledge requires step by step instructions on how to 
complete a task. A learner with only procedural knowledge is dependent on how problems are 
formulated: if he does not recognize the problem, he will not know that he is supposed to 
apply the procedure. For example: if a learner has learned to subtract in problems like 12 – 5 
= ?, he will not automatically be able to solve problems like 12 - ? = 5, or 5 + ? = 12. In the 
context of measurement numeracy: suppose a student has learned procedures for converting 
units, and for calculating volume. Then we can assume that he can solve problems like 23 dm 
= … m, and calculate the volume of a swimming pool with length = 25 m, width = 12 m, 
height = 2m. However, he will not automatically be able to solve problems like: The volume 
of a pack of lemonade is 1.5 liters. The pack is 7.5 cm long, and 1 dm wide. Calculate the 
height of the pack. The last problem seems to test conceptual knowledge, but what if the 
teacher had practiced a procedure for these kinds of problems? (i.e. step 1 is to convert length 
and width measures to dm, step 2 is to divide the volume by the product of the length and 
width). What happens in the classroom seems to determine whether conceptual or procedural 
knowledge is tested. Furthermore, the difference between the two types of knowledge fades 
even more in the terms ‘procedural understanding’, ‘conceptual understanding of procedures’, 
and ‘mindful execution of procedures’ (Star, 2005). There is no clear correspondence between 
these different types of knowledge and the two didactic approaches in this study. After all, in 
the deductive approach, students solve problems after the teacher has explained the concept 
and the procedure; in the inductive approach the students solve problems, and then rediscover 
concepts and procedures. Both types of knowledge are part of both didactic approaches. The 
difference is the order in which the two types of knowledge come into play. Since literature 
about the best order (Fyfe, DeCaro, & Rittle-Johnson, 2014), and about appreciation for 
procedural knowledge (Star, 2005) is inconclusive, further research is needed. 
Colleges and specific courses may differ in learning objectives. If an objective is: 
learning how to perform calculations of area (where the teacher knows example items), a 
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teacher might choose to have students practice procedures. If an objective is: learning about 
the concept of area (where the teacher knows no example items), a teacher might choose 
another approach. Since student results often play a role in performance evaluations of 
teachers and colleges, teaching procedural knowledge (teaching to the test) might be more 
attractive than teaching conceptual knowledge. It looks like a catch-22 situation: on the one 
hand, conceptual knowledge is desirable and national tests might prove to secure the overall 
knowledge level, and on the other hand, teachers and colleges are evaluated by student scores 
on tests that can be done by using procedural knowledge, if teachers teach procedural 
knowledge in various contexts (e.g. introducing national performance tests may be 
counterproductive, Van Zanten & Van den Brom-Snijders, 2007). Research on how to avoid 
this catch-22 may be valuable. 
It would also be valuable to find ways to measure the effects of different approaches 
on other aspects: not only on a standard mathematics test, but also on other skills like 
transferring to other contexts or other mathematical domains, or explaining why one strategy 
is better than another. Since the inductive lesson series contains possibilities for students to 
discover procedures, students will not only learn about these procedures, but also about 
unstructured problem-solving and how to respond to other students’ ideas. Research into these 
effects (discovering what exactly separates deductively taught students from those who were 
taught inductively) may be of value, too. For example: which types of problems are expected 
to be solved more easily by the first or second group of students?  
Classroom interaction time changed significantly over lessons: there was more 
interaction in the lesson on scale calculations (54%) than in the other two (metric system: 
38%, and area calculations: 46%). Perhaps mathematical subjects differ with regard to the 
classroom interaction time they induce. The relationship between the mathematical subject 
and classroom interaction time may also be influenced by how much students already know 
about the subject. Further research is needed to specify the relationship between the 
mathematical subject and classroom interaction time. Furthermore, the contents of the 
classroom interaction (how do the students contribute to the classroom interaction, how does 
the teacher engage in student ideas?) were not under investigation in this study. As teachers 
ask more stimulating questions when they use an inductive approach, and deeper discussions 
(and the way teachers stimulate these deep discussions) on mathematically rich contexts 
might influence student performance (Hill, Umland, Litke, & Kapitula, 2012; Pierson, 2008; 
Star, 2005), it may be valuable to estimate the differential effect of the content of classroom 
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interaction (i.e. the mathematical richness of student participation, and the way teachers 
respond) on student performance between an inductive and a deductive approach. 
Students talked more about mathematics in the inductive approach, than in the 
deductive approach. However, in group work, chances are that some students tend to talk 
more than others. In this study, classroom interaction was only measured at group level. 
Perhaps measuring at student level would produce different results. Is a student’s performance 
related to his active engagement in classroom discussions? If that relationship is positive, it 
might be prudent to put extra effort into stimulating every single student to actively engage. 
Teachers can achieve this by using, for example, some aspects of cooperative learning, in 
which students have specific roles: two students share ideas, one students ask questions to 
deepen the ideas, and one student reports on the discussion in a whole class evaluation, next 
time the roles change, so that every student can actively practice every role. 
In the Rotterdam School of Education, teacher educators have less knowledge about 
their students’ mathematical abilities than elementary school teachers have about their pupils, 
because, unlike in elementary school, teacher educators see their students only 50 minutes per 
week. Feedback on homework assignments is not provided, because the costs are considered 
to be too high (it is time consuming). Therefore, there is hardly any differentiation between 
students in numeracy classes; suggestions for leading productive mathematics discussion, like 
anticipating, monitoring, selecting, sequencing, connecting (Smith & Stein, 2011) can hardly 
be followed. Perhaps ways can be found to lower the costs (only give feedback on key parts 
of the assignment, only select student work for the class, …). Research on the effect of these 
suggestions for leading productive mathematics discussion on prospective teachers’ 
measurement numeracy may be valuable.  
Finally, further research is needed on what estimating measures is about and how it 
correlates with the sub-skills of measurement numeracy. Is estimating measures one skill, or a 
subset of sub-skills (for example estimating length, estimating area, estimating volume, and 
estimating weight)? It might not be safe to assume that students estimate different measures 
using one and the same strategy (i.e. think of a reference measure and compare it with the 
object that requires estimation), and furthermore, Morewedge and Kahneman’s (2010) 
research showed that estimations are biased because of priming and personal environments. 
How do alleged estimating measures sub-skills relate to the three sub-skills that were 
identified in this study? If some estimating measures skill relates to another sub-skill of 
measurement numeracy, it might be effective to teach those sub-skills together. If, however, 
estimating measures is not related to any other numeracy skill, policy makers might 
107 
 
reconsider the place of estimating measures in the curriculum. Perhaps it is primarily helpful 
in everyday life, and desirable to check if answers are within a logical range, as is stated in the 
Dutch knowledge base for mathematics (Van Zanten et al., 2009), but not necessary for 
developing other measurement numeracy skills. However, following Freudenthal’s ideas, 
Dutch textbooks for measurement didactics focus on the sense of measures; they view 
measurement as a way to estimate sizes, and place extra emphasis on the ability to imagine 
units and measures in different contexts (De Moor, 2005). 
 
7.4 Final remarks 
In the inductive didactic approach, teacher questions were more stimulating and there was 
more classroom talk, and teachers also reported that students were more engaged. However, 
student performance did not differ between didactic approaches. What will make a difference? 
More differentiation in approach, by tuning in on student needs? Using student work for 
classroom discussions? Motivating students to work harder on assignments, to be more 
actively engaged during classes? We conclude that further research is needed on the effect of 
distinct aspects of classroom interaction on numeracy improvement, in order to empirically 
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Table A.1. Factor loadings pilot study pretest for subtests A1,A2,B1,B2,C1, and C2. 
 factor A1 A2 B1 B2 C1 C2 
1 1 .07 .12 .35  .37 .15 
2 1 .31 .80 .38  .67 .13 
3 1 .20 .41 .36  .28 -.06 
4 1 -.16 .26 .44  .04 .42 
5 1 1.23 .67 .35  .64 .65 
6 1  .69 .38  .11 .54 
        
7 2 .59 .70 .37  .83 .81 
8 2 .58 .61 .68  .57 .28 
9 2 .35 .55 -.02  .44 .51 
10 2 .90 .91 .47  .78 .79 
11 2 .59 .95 .95  .81 .86 
12 2 .80 .90 .93  .67 .96 
        
13 3 .62 .94 .51  .75 .92 
14 3 .94 .87 .83  .74 .91 
15 3 .84 .99 .80  .86 .82 
16 3 .60 .89 .54  .91 .89 
17 3   .31   .49 
18 3 .45 .89 .82  .72 .91 
        
19 4 .50 .41 .77  .68 .46 
20 4 .84 .66 .61  .83 .93 
21 4 .77 .66 .70  .91 .83 
22 4 .61 .51 .92  .83 .68 
23 4 .44 .80 .80  .44 .77 
24 4 .64 .40 .74  .78 .66 
Note: This table contains factor loadings of 144 unique items (6 subtests times 24 items: items A1_1 through 
A1_24, A2_1 through A2_24, et cetera). 
Note: items were designed to measure a specific sub-skill: estimating measures (items 1-6, factor 1), 
understanding relationships within the metric system (items 7-12, factor 2), calculating with scale (items 13-18, 
factor 3), and calculating length, area and volume (items 19-24, factor 4). 
Note: the model for subtest B2 could not be identified. 
Note: a blank spot indicates that none of the students answered that item correctly. 






Table A.2. Factor loadings pilot study posttest for subtests A1,A2,B1,B2,C1, and C2. 
 factor A1 A2 B1 B2 C1 C2 
1 1 .11 .34 .57 .39  .50 
2 1 .24 .47 .23 .06  .05 
3 1 .50 .51 .18 .48  .67 
4 1 -.12 .19 .24 .27  .15 
5 1 .80 .13 .49 .77  .23 
6 1 .26 .74 .00 .38  .67 
        
7 2 1.06 .48 .61 .91 .66 .58 
8 2 .56 .87 .34 .62 .76 .23 
9 2 .39 .57 .66 .76 .52 .48 
10 2 .47 .69 .77 .77 .64 .76 
11 2 .51 .55 .93 .80 .72 .61 
12 2 .75 .50 .94 1.01 .43 .81 
        
13 3 .61 .84 .98 .49 .73 .56 
14 3 .73 .49 .48 .44 .60 .49 
15 3 .55 .59 .79 .59 .47 .79 
16 3 .63 .87 .45 .72 .76 .76 
17 3 -.35  -.35   .72 
18 3 .34 .76 .48 .25 .83 .70 
        
19 4 .24 .34 .28 .48 .42 .10 
20 4 .37 .46 .78 .78 .40 .61 
21 4 .36 .76 .87 .82 .75 1.00 
22 4 .57 .64 .58 .59 .89 .70 
23 4 .77 .83 .52 .86 .33 .60 
24 4 .91 .62 .27 .72 .61 .60 
Note: This table contains factor loadings of 144 unique items (6 subtests times 24 items: items A1_1 through 
A1_24, A2_1 through A2_24, et cetera). 
Note: items were designed to measure a specific sub-skill: estimating measures (items 1-6, factor 1), 
understanding relationships within the metric system (items 7-12, factor 2), calculating with scale (items 13-18, 
factor 3), and calculating length, area and volume (items 19-24, factor 4). 
Note: the model for subtest B2 could not be identified. 
Note: a blank spot indicates that none of the students answered that item correctly. 




Table A.3. Independent samples T-test: effect of student characteristics on pretest score. 
  t df p r 
metric home language -2.150 145 0.033 .176 
 gender 1.907 208 0.058 .131 
 mathematical history -3.931 145 0.000 .310 
 previous education -2.852 208 0.005 .194 
 education mother 0.389 127 0.698  
 education father -0.518 122 0.605  
      
scale home language -3.060 145 0.003 .246 
 gender 4.269 83.480 0.000 .423 
 mathematical history -4.133 145 0.000 .325 
 previous education -3.113 208 0.002 .211 
 education mother -0.088 127 0.930  
 education father -1.999 122 0.048 .178 
      
area home language -2.661 101.082 0.009 .256 
 gender 3.169 208 0.002 .215 
 mathematical history -4.047 144.967 0.000 .319 
 previous education -3.848 202.630 0.000 .261 
 education mother -0.327 127 0.724  










Het rekenniveau van Pabo-studenten is een bron van zorg, zowel in het publieke debat, als 
ook en vooral op de Pabo’s en de basisscholen waar deze studenten leren en stage lopen. Veel 
studenten, zelfs in het hoger beroepsonderwijs, hebben moeite om mee te komen met het 
basisschoolniveau voor rekenen-wiskunde. Dit geldt ook voor Pabostudenten, die later reken-
wiskunde onderwijs gaan verzorgen aan basisschoolleerlingen. Het is zeer waarschijnlijk dat 
ze dat minder goed doen, als ze niet goed genoeg kunnen rekenen. Waar het voor de meeste 
mensen vaak voldoende is om procedurele kennis te hebben van het oplossen van reken-
wiskundige problemen, is het voor (toekomstige) leerkrachten basisonderwijs belangrijk om 
ook conceptuele kennis te hebben. Voor effectief onderwijs is het noodzakelijk dat 
leerkrachten een hoog niveau hebben van professionele kennis, met scherp inzicht in reken-
wiskundige onderwerpen.   
Een rapport van de Koninklijke Nederlandse Academie voor de Wetenschappen 
(KNAW) uit 2009 geeft een grondige analyse van inhoudelijke inzichten en empirisch 
feitenmateriaal met betrekking tot het rekenonderwijs op de basisschool. Het panel van de 
KNAW concludeerde onder andere dat de kwaliteit van het rekenonderwijs op de Pabo 
onmiddellijke aandacht en actie vraagt. Een andere conclusie was, dat de empirische evidentie 
over de relatie tussen rekendidactiek en rekenvaardigheid beperkt is. Slechts experimentele en 
quasi-experimentele (interventie)studies kunnen hard wetenschappelijk bewijs omtrent de 
waarde van bepaalde methoden of aanpakken van wiskundeonderwijs genereren. Het meeste 
beoordeelde onderzoek was echter kwalitatief van aard, en bij veel kwantitatief onderzoek dat 
is beoordeeld zijn vraagtekens geplaatst bij de generaliseerbaarheid van de resultaten en de 
mate waarin effecten als causaal kunnen worden gekenmerkt. Het National Mathematics 
Advisory Panel (NMAP) in de VS, wier opdracht sterk leek op die van de commissie van de 
KNAW, bestudeerde 16.000 onderzoeksrapporten en concludeerde dat slechts een zeer klein 
deel daarvan verantwoorde uitspraken toeliet over het effect van instructievariabelen op 
wiskundige leeruitkomsten. In lijn daarmee concludeerden Slavin en Lake in 2008 dat, 
gegeven de beschikbare empirische evidentie, de didactiek en het curriculum van minder 
gewicht zijn dan de interactie tussen leraar en leerling. Het gaat hierbij bijvoorbeeld om het 
productief en betrokken houden van de leerlingen, en het stimuleren en motiveren van 
leerlingen om van en met elkaar te leren.  
Studenten vragen om stimulans om zich ergens in te verdiepen. Dat kan bijvoorbeeld 
door studenten de gelegenheid te geven om met elkaar, vanuit rijke reken-wiskundige 
128 
 
contexten en onder begeleiding van een docent, concepten en procedures te laten 
(her)ontdekken, zoals gepropageerd door het op het constructivisme gestoelde realistisch 
reken-wiskundeonderwijs. Als studenten echter te weinig begeleiding krijgen van docenten 
(als er meer focus op horizontale dan op verticale interactie is), komt de ontwikkeling van 
gedegen kennis en vakkundigheid in gevaar. Daarnaast hebben leerlingen in het onderwijs en 
leren weinig inspraak, zeggenschap en keuze nodig. Autonomie support kan prima zonder 
veel aan de leerlingen zelf over te laten. Horizontale interactie (tussen leerlingen onderling) 
verhoogt de kans dat leerlingen gaan leren wat andere leerlingen willen leren, en dat is niet 
altijd wat de leerkracht voor ogen heeft, en verticale interactie (tussen leerkracht en leerling) 
verhoogt volgens Deci en Chandler de kans op groei in de vooraf door de leerkracht gestelde 
doelen. In deze dissertatie wordt het effect van twee elkaar contrasterende onderwijskundige 
aanpakken bestudeerd: een deductieve en een inductieve aanpak.  
Deductief redeneren is de meest zekere manier van redeneren. Als de aannames waar 
zijn en de regels van de logica worden gevolgd, dan is de conclusie ook zeker waar. Als ik 
ouder ben dan mijn broer, en mijn broer is ouder dan mijn zus, dan ben ik zeker ouder dan 
mijn zus. Inductief redeneren is gebaseerd op waarschijnlijkheid. Als ik in de afgelopen vijf 
jaar elke avond eten heb gekregen, dan zal ik morgen naar alle waarschijnlijkheid ook wel 
weer avondeten krijgen. Een ander verschil tussen deductief en inductief redeneren is de 
volgorde: bij deductief redeneren wordt gestart vanuit een concept of regel, en van daaruit 
wordt in een nieuwe context gededuceerd (top-down). Bij inductief redeneren wordt gestart 
vanuit een of meer contexten, en van daaruit wordt een concept besproken en een regel 
geïnduceerd (bottom-up). Een deductieve aanpak in het reken-wiskundeonderwijs is 
bijvoorbeeld: de docent legt een concept en algemene regel uit, waarna studenten die 
toepassen in verschillende contexten. In een inductieve aanpak introduceert de docent een of 
meer contexten, waarna studenten met elkaar op zoek gaan naar het concept en een algemene 
regel. De interactie in de deductieve aanpak is meer verticaal van aard, en die in de inductieve 
aanpak meer horizontaal. 
Het onderdeel Meten (greep willen krijgen op de werkelijkheid en die structureren en 
kwantificeren) staat centraal in deze dissertatie. Vanuit het reken-wiskundecurriculum 
(cijferen, handig rekenen, verhoudingen, kommagetallen, procenten, breuken, meetkunde en 
meten) is gekozen voor meten, omdat Nederlandse Pabo-studenten en leerlingen in het 
basisonderwijs gemiddeld zwakker scoren op dit onderdeel vergeleken met de totaalscore. 
Sommige Pabo’s kiezen ervoor om gecijferdheid en vakdidactiek in dezelfde cursus aan te 
bieden, andere kiezen ervoor om aparte cursussen te geven. De Pabo van Hogeschool 
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Rotterdam (waar het quasi-experiment heeft plaatsgevonden), heeft acht aparte cursussen (elk 
vijf keer 50 minuten) voor gecijferdheid, waarvan de tweede over meten gaat. Voor deze 
cursus zijn een deductieve en een inductieve aanpak ontwikkeld. In deze dissertatie wordt 
onderzocht welke vormen van interactie tussen docent en Pabo-studenten een effect hebben 
op de studieprestatie voor gecijferdheid bij het domein meten. Daarnaast wordt onderzocht 
wat het verschil in leeropbrengst tussen een deductieve en inductieve aanpak is.  
 
Opzet proefschrift 
Om het effect van de twee aanpakken te onderzoeken, is allereerst een instrument ontwikkeld 
om studentvaardigheden te meten op het gebied van gecijferdheid bij het domein meten. In 
een pilotstudie zijn toets-items van Hogeschool Rotterdam gebruikt om met factoranalyses te 
bekijken of deze vaardigheid wellicht bestaat uit vier apart te onderscheiden sub-
vaardigheden, namelijk: maten schatten, rekenen met relaties binnen het metrieke stelsel, 
rekenen met schaal, en rekenen met lengte, oppervlakte en inhoud. Hierna konden items met 
een hoge item-totaal correlatie (items die met elkaar dezelfde onderliggende sub-vaardigheid 
meten) en met verschillende p-waarden (van verschillende moeilijkheidsgraad) worden 
geselecteerd voor het instrument om de studentvaardigheden te meten in het quasi-
experiment. Een jaar later zijn met die items (met antwoorden van nieuwe 
eerstejaarsstudenten) de analyses nogmaals uitgevoerd (zie Hoofdstuk 3). Vervolgens zijn, op 
basis van literatuur en interviews met experts op het gebied van reken-wiskundeonderwijs, 
met focusgroepen twee lessenseries met docenthandleidingen ontwikkeld: één met een 
deductieve en één met een inductieve aanpak (zie Hoofdstuk 4). Nadat de Pabostudenten de 
pretest hadden gemaakt (om hun vaardigheid voorafgaand aan de lessenserie te meten), zijn 
de lessenseries uitgevoerd door vijf collega’s van de Pabo van Hogeschool Rotterdam: elke 
docent gaf één Paboklas les met een inductieve, en één met een deductieve aanpak. Van de 
lessen zijn video-opnamen gemaakt, en daarmee is per twee minuten segment in elke les 
gerapporteerd welk type vragen (stimulerende vragen of checkvragen) de docent stelt, en hoe 
lang studenten aan het woord waren. Ook is gecontroleerd in hoeverre de docent zich aan de 
instructies heeft gehouden. De resultaten van de toets die studenten na afloop van de 
lessenserie hebben gemaakt, zijn gebruikt om met herhaalde metingen analyses te schatten 
wat de effecten van de didactische aanpak en de docent waren op de interactie in de klas (zie 
Hoofdstuk 5). Tenslotte is met covariantieanalyses (met studentprestaties bij de pretest als 
covariaat) onderzocht wat de effecten waren van de didactische aanpak en de docent op de 
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prestaties van Pabostudenten. Daarbij zijn ook andere factoren en covariaten gebruikt, 
waaronder de tijd voor interactie in de klas, het type docentvragen, studentprestaties bij de 
WISCAT (een landelijke rekenvaardigheidstoets voor Pabostudenten), en enkele 
studentkenmerken (zie Hoofdstuk 6). 
 
Bevindingen 
De onderzoeken hebben geresulteerd in verschillende bevindingen: over dimensionaliteit van 
rekenvaardigheid op het domein van meten, en over het differentiële effect van een 
deductieve en een inductieve aanpak op de interactie in de klas en op de prestaties van 
studenten. 
 
Dimensionaliteit van rekenvaardigheid 
Er bleek overlap (range 30% tot 69%) in verklaarde variantie te zitten tussen het rekenen met 
relaties binnen het metrieke stelsel, rekenen met schaal, en rekenen met lengte, oppervlakte en 
inhoud. De overlap tussen de laatste twee (pretest 58%, posttest 69%) was groter dan de 
overlap tussen de eerste en de tweede (pretest 30%, posttest 52%), en de eerste en de derde 
(pretest 35%, posttest 48%). Dit verschil kan wellicht verklaard worden vanuit het verschil in 
itemsoort. Bij het rekenen met relaties binnen het metrieke stelsel was de vraagstelling zonder 
context, en het rekenen beperkte zich tot vermenigvuldigen of delen met machten van tien 
(bijvoorbeeld: 2,3 hl = … dm3). Bij de items behorend bij de andere twee sub-vaardigheden 
was er steeds een context, en moest er gerekend worden met andere getallen dan machten van 
tien. Ondanks de overlap, bleken deze drie echter aparte te onderscheiden sub-vaardigheden te 
zijn: een 3-factormodel paste het best, en paste ook significant beter dan een 1-factormodel. 
Dat betekent dat het waarschijnlijk verstandig is om in toetsen en in het onderwijs apart 
aandacht te besteden aan deze drie sub-vaardigheden.  
Het schatten van maten bleek echter niet als factor te kunnen worden geïdentificeerd. 
Misschien is het schatten van maten geen vaardigheid, maar een persoonlijkheidstrek, zoals 
altijd onderschatten of overschatten. Daarnaast blijkt uit eerder onderzoek dat vaak hoger 
wordt geschat als voorafgaand aan het item wordt gedacht aan iets groots (bijvoorbeeld onder 
invloed van het vorige item). Tenslotte kunnen ervaringen in het dagelijks leven ook van 
invloed zijn: de zoon van de bakker kan waarschijnlijk het gewicht van een brood goed 
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inschatten, en de dochter van de fietsenmaker de hoogte van een fietswiel. Verder onderzoek 
zal uit moeten wijzen of het schatten van maten wel een aparte vaardigheid is.  
 
Ontwerp deductieve en inductieve aanpak 
In de deductieve aanpak werd gewerkt van generieke concepten en procedures naar het 
toepassen in verschillende contexten. In de lessen legde de docent concepten en procedures 
stap voor stap uit, waarna studenten deze toepasten in verschillende contexten. Bij het 
bespreken van opgaven vroegen docenten de studenten om in eigen woorden uit te leggen hoe 
ze de zojuist uitgelegde concepten en procedures toegepast hebben, en corrigeerden ze de 
studenten tot het antwoord en de uitleg precies en duidelijk waren. De tafels stonden in een U-
vorm, om verticale interactie (tussen studenten en de docent) te stimuleren. In de inductieve 
aanpak werd andersom gewerkt: van contexten naar generieke concepten en procedures. In de 
lessen werden contextopgaven gebruikt als speelveld voor studenten om met elkaar reken-
wiskundige concepten en procedures te (her)ontdekken. Bij het bespreken van verschillende, 
door studenten bedachte strategieën, vroeg de docent aan studenten om op elkaar te reageren, 
en te beargumenteren welke procedures gelden en welke strategieën ze wel of niet handig 
vonden. Vervolgens gebruikten studenten de door henzelf gekozen strategie om opgaven te 
maken, die daarna plenair nabesproken werden. De tafels stonden in groepen van vier, om 
horizontale interactie (tussen studenten onderling) te stimuleren. Hoewel een mix van 
inductieve en deductieve elementen wellicht beter werkt dan strikt deductief of strikt inductief 
te werk gaan, was het strikte onderscheid in dit onderzoek nodig om het effect op de interactie 
en de studentprestaties te onderzoeken. 
 
Interactie in de klas 
In de inductieve aanpak waren studenten vaker aan het woord (52 %) dan in de deductieve 
aanpak (40 %). De resultaten wezen ook uit, dat er bij het ene onderwerp meer interactie was 
dan bij het andere (bij schaal was meer interactie dan bij de andere twee onderwerpen). 
Daarnaast stelden docenten in de inductieve aanpak meer stimulerende vragen dan in de 
deductieve aanpak. In de inductieve aanpak waren docenten kennelijk meer geneigd tot het 
stellen van stimulerende vragen (die reflectie en kritisch denken oproepen). Er was geen 
docenteffect op de interactie. Echter: als docenten vrij waren geweest om eigen keuzes te 
maken (in dit experiment volgden ze immers specifieke instructies), zou dat effect er 
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misschien wel geweest zijn. De verschillen in interactietijd en vraagtypen tussen de inductieve 
en de deductieve aanpak zijn interessant, vooral omdat interactie volgens Slavin en Lake 
(2008) een positief effect kan hebben op prestaties van leerlingen. 
 
Prestaties van studenten 
Gemiddeld scoorden studenten bij beide aanpakken significant beter op de posttest dan op de 
pretest. De pretest score en de WISCAT score hadden een significant effect op de posttest 
score. Er was echter geen verschil in studentprestaties tussen de deductieve en de inductieve 
aanpak, ook niet als werd gecontroleerd voor de pretest en de WISCAT score, en ook niet als 
werd gecontroleerd voor interactietijd en het type docentvragen. Er was ook geen docenteffect 
(met één uitzondering: alleen bij het rekenen met relaties binnen het metrieke stelsel, bij een 
model waarin niet werd gecontroleerd voor de WISCAT score, was er wel een significant 
docenteffect). Andere factoren en covariaten hadden ook geen effect op de posttest score (met 
één uitzondering: alleen bij het rekenen met lengte, oppervlakte en inhoud, was er een klein 
significant effect van het opleidingsniveau van de moeder van de student). 
Samenvattend is er dus een effect gevonden van de didactische aanpak op de interactie 
in de klas, maar er was geen effect op de prestaties van de studenten. Verder onderzoek naar 
specifieke kenmerken van interactie in de klas (anders dan tijdsduur en type docentvragen) 
zou moeten uitwijzen welke vormen van interactie in de klas wel een positief effect hebben op 
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